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INTRODUCTION 


Tl ti Larujley Research Center Antrual Report on Research and Technolotjy accomplishrnents for 
1980 contains highlights of our ma|or accomplishments and applications mode during the past year. 
The highlights illustrate Iroth the hroad range of the research and technology activities at the 
Langley Research Center and the coirtrilxitions of this work towarii maintaining the Unitcil States' 
leadership in aeronautics and space research. 

Results of Langley research and technology are morfe available to users through the NASA scientific 
and technical information system. The research output of the Langley Research Center is listed by 
title in an annual compilation entitled "Scientific and Technical Information Output of the Langley 
Research Center." The compilation for calendai year 1979 contains 1364 items and is available on 
reriuest from T le Report and Manuscript Control Office, Mail Sto(> 180A. Langley Research Center, 
Hampton, Virgin's ?3665 (827 2301). 



Donald f. Hearth 
Director 
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Aeronautics and Space 
Technology 


Accuracy of Time-Split 
Finite-Difference Schemes 

R»c«nt tlieoretical work hat proven ihat 
implicit limet|)lit finite difference tchemet are 
unconditionally stable for the 3 0 Navier Stoket 
equation. It was found that time split methods, 
in general, (lotsest two serious e'lort, or>e due to 
the tem(>oral inaccuracy associated with the 
S()litting ar>d one due to the incompatibility of 
tire t|ilit steps with the boundary data. In effect, 
tire process of time splitting leads to the 
solution of a modified differential equation 
subiect to modified boutrdary data. In order to 
improve the iic<Hjracy of the time s()lit scheme, 
an explicit corrector step was deviwif which 
exactly eliminatetf both sources of error at 
\ minimal computational cost. Inclusion of the 

corrector step produced a scheme with temtioral 
and siMtial accuracy comt>arable to alternating 
direction implicit methods. Shown in the figure 
r-e solutions to Laplace's equation on the unit 
square subject to Dirichlet ftoundary data. The 
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Solution of il^u/ilx^ + O^u/ify^ ■ 0 
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numerical solutions were obtained as tlie 
asymptotic steady state of tlie lieat conduction 
equation using tire starnfard time split metfKXf 
and the new corrected time split method. The 
figure shows tlie exact analytic solution along 
with the two computed solutionis run at a time 
step too times larger than the explicit stability 
limit. Comparison of tfie solution illustrates the 
improvement in accuracy obtained with the 
corrected method. 

Douglas L. Dwoyer, 2627 (506 3 M3) 


Numerical Solution of the Euler 
Equations In the Transonic Regime 

A joint in house and contractual research 
effort is underway to obtain fast and accurate 
solutions of the Euler equations for transonic 
flows about airfoil sh«(}cs. To test the accuracy 
of the numerical algorithms, their convergerKe 
rate, and tlie implementation of boundary 
conditions, the flow about a circular cylinder 
has been used as a test case. The test problem 
lus brought to light some serious problems with 
existing algorithms wfiich do not show up as 
clearly wlien the metirods are applied to slender 
airfoil shatres. The most serious problems are 
very slow convergence rates, poor accuracy near 
stagnation points, and the apjiearance at 
su|>ercritical si>eei1s of a recirculation bubble in 
the neighborhood of the rear stagnation point 
wfuch cannot t>e explained on tl>e basis of the 
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damping inherent in the numerical algorithm. 
The (low convergence rate hat been alleviated 
by using the local time step for the computation 
of each grid point; the improvement it shown in 
the figure. This particular calculation wat made 
with a vector code written for the CYBER 203 
computer which runt 45 timet fatter than its 
scalar counterpart on the CYBER 175. 

Manuel D. Salat, 2627 (505 3M3) 

Transonic Flow Calculations on 
the CYBER 203 Computer 

The CYBER 203 computer at Langley 
Research Center it a vector processor which it 
ve> ' effic ent when operating on algorithms 
wfiich ar< vectorirable. One such algorithm 
which hat been developed for transonic flow 
calculations it the "Zebra" algorithm. This 
algorithm wat developed and tested on a pilot 
code which calculated transonic flow over a 
swept wing using the artificial density 
formulation. The Zebra algorithm has now been 
incorporated into an existing production code 
(FLO 221. This code uses a nonconservative 
form of the full-potential equation and a 
parabolic coordinate system for 3 D transonic 
flow over isolated wings. The original code used 
a successive line overrelaxation (SLOR) 
algorithm and ran at a computational rate of 
about 62(X) points per second on a CYBER 175 
conventional-type computer. The new version of 
the code with the Zebra algorithm runs at a 
computational rate of about 62,000 points per 


second on the CYBER 203 computer. Not all of 
this increase in computational rate is due to the 
change in algorithm. The new CYBER 203 has a 
very fast scalar unit; and, when its optimising 
compiler is used, it can run scalar codes quite 
efficiently. Also, computation rate i: not the 
only factor to be considered in choosing an 
algorithm - convergence rate is also very 
important. The tests on the pilot code sirowed 
that the convergence rate of the Zebra algorithm 
was about the same as SLOR for that cate. 
Tests are currently underway to determine if its 
convergence rate will be as good with the 
nonconservative formulation used in tlie original 
code. 

James 0. Keller, 2627 (505 3M3I 


Wlng.'^ts 

Winglets are small, nearly vertical 
aerodynamic surfaces which are designed to be 
iTKXjnted at the tips of aircraft wings. They are 
found in nature on all soaring birds, which cant 
their tip feathers wfien attempting to achieve a 
high lift flight condition. Design optimization 
studies and wind-tunnel tests at Langley have 
shown that winglets can produce significant 
increases in the lift-drag ratios of some of 
today's transport aircraft. The application of 
winglets to an Air Force KC-135 tanker aircraft 
is predicted to increase its cruise lift-drag ratio 
by 7 to 8 percent. If retrofitted to the entire 
KC-135 fleet, the cost savings would be $1.4 
billion over the fleet lifetime. 
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Thartfort. tt>« Air Furct ar>d NASA havt 
•mbarkad on a ioint program to obtain a 
full Kala avaluation of wringlatt on tha KC-135 
aircraft. Tha Boaing Company, urKtar Air Forca 
contract, hat conttructad a tat of flight tatt 
vMnglatt. Tha Drydan Flight Rataarch Cantar hat 
inttrumantad a tatt airplarta. Tha wanglatt ware 
inttallad on tha flight tatt aircraft in July of 
1979, and 16 winjiat ra t a a rch flightt hava baan 
complatad to data, with ail flightt tchadulad for 
complation in tha fail of 1980. Tfvna tattt ara 
providing an avaluation of tha wingiatt 
throughout tha flight anvalopa of tha airplarw. 
Praliminary data analytat indicata a 7.1-parcant 
irKri'tav in cruita parformanca. 

Stuart Flachnar, 2631 (50531 43) 


Medium-Speed Airfoils 

A naw family of medium tpaad airfoilt hat 
been developed for General Aviation 
applicai. jTi. Theta airfoilt ware datignad for 
aircraf' vocfi at turboprop hutinatt airplanat and 
commuter airplanat, whote cruita tpaadt ara not 
high enough to require uia of tuparcritical 
airfoilt. Theta airfoilt ware davalotrad by 
combining tha batt featurat of NASA't 
low t|)aad and tuparcritical airfoil technology. 
Thut, tha naw airfoilt provide higher cruise 
Mach numbart than tha low tpoad airfoilt. but 
retain good high-lift, low t()aad cliaractarittict. 
Cruita Mach numbart vary from about 0.66 to 
0.72 for tha airfoil family. Tha figure comparet 
the airfoil shape of a 13-parcant-thick 
medium-tpead airfoil with sava'al older 
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12 (tarcant thick NACA airfoilt. Tha r>aw airfoilt 
incorporate more cambor in tha rear of tha 
airfoil than tha NACA airfoilt arvd thus tha aft 
region of tha airfoil carriat ntora load. Several 
military and commercial aircraft hava baan 
proposed utilizing tha new medium tpaad 
airfoilt. 

Robert J. McGhee, 4514 (505 31 33) 

Submicron Particle Generator for 
High Pressure Application 

A particle generator hat baan developed 
which It rK>t pratture limited at ara most 
aKitting techniques. Tire technique wat 
developed to provide seeding for later 
valocimatart in higfi Mach number wind tunnels 
but hat application to any need for tubmicron 
particles such at pollutant studies. Tha attantial 
ir>grediant it axtramaly small fir.il iniaction tiitt 
which ara o|>aratad at a tonic, or clrakad 
condition. The increase in velocity between tha 
micro'tlit wall (Velocity “ 0) and tha cantar of 
tha micro slit (tonic velocity) provides a shear 
forca large enough to break up agglomerates 
into individual particles. A tremendous 
advantage of this technique it a relative 
indeperxferKe of ambient pressure level, i.e., 
particles can be generated even at high ambient 
pressures as required tonic corxfition it a 
function of pratture ratio and not pressure level. 
This technique it the only device capable of 
producing a cloud of uniform sized tubmicron 
particles at high pressure and high flow rates. 

E. Leon Morrisette, 3735 (505 3T23) 

Microcomputer Programming 
Language 

At microcomputers become more powerful 
and less expensive, they become increasingly 
useful to a wide range of NASA projects. 
Applications which would require a large 
number of hardware components can often be 
handled by a tingle microcomputer with suitable 
software. 

Writirsg programs for microcomputers it 
usually a tedious process. The software support 
available often it limited to an assembler. Such 
it the cate with the Intel 8748, which it an 
eight bit microprocessor and nremory packaged 
at a single integrated circuit. 



3 


To itKrMW tiM uwfuInMt of thit d«vic«, • 
PASCAL-battd high*Uv«l languagt called 
PASCAL/48 ha« batn devolopad. The lariguage 
closely resembles PASCAL with a lew 
extensions to allow programmers to take 
advantage of tfie unique features of tlw !ntel 
8748 For example, facilities exist to control tfie 
allocation of data memory (an extremely limited 
resource on the Intel 8748) and to handle 
machine interrupts. 

The PASCAL/ 48 compiler is a cross compiler 
wfrich executes on COC CYBER 170 equipment 
(xoducing an object module in tlie standard 
Intel format and a listing of the assembly 
language version of the machine instructions. A 
programmer can write PASCAU48 programs 
substantially faster than writ‘’<q xiuivalent 
programs in assembly language, and the resulting 
code is nearly as efficient. 

P4SCAL/48 is suitable for other products in 
the Intel MCS 48 series. 

J. C. Knight, 3202 (506 31 83) 

Grid Generation for Fluid 
Flow Computations 

An algebraic grid generation technique has 
been developed and explored in conjunction 
with the solution of the Navier Stokes equations 
for fluid flow. It it called the "two boundary 
technique" and has the potential for serving at 
the geometric foundation for flow field 
solutions in highly complex geometries. Two of 
the boundary surfaces are first represented by a 
grid structure having an equal number of nodes, 
then corres|)onding nodes on the two surfaces 
are connected by smooth, curved lines. The grid 
is completed by discretizing these lines. The 
Jacobian matrix of derivatives of tlie functions 
describing the resulting grid structure with 
respect to a rectangular cartesian system are 
computed directly, thereby permitting a 
transformation of the governing differential 
equations to a uniform rectangular grid. 

This technique has been applied to the 
three dimensional compressible Navier Stokes 
equations in the region of a family of corner 
geometries where the flow is steady but 
characterized by strong shocks and 
three dimensional separations; and also in the 
region of an axisymmetric spiked nose body 
where the flow is oscillatory with a bow shock 
and separated flow. 

The transformed equations have been solved 
by a computer program called the 


"Navier Stokes Solver" running on the Control 
Data CYBER -203 vector computer. The program 
utilizes a technique baeed on the Mac^rmack 
time-split method atxJ is wrirten in the PASCAL 
beaed languege using 32-bii arithmetic and 
storage to take full advantage of tlie speed and 
memory capacity of the CYBER 203. 

Tfie computed solutions are transferred beck 
to the physical domain where tliey may be 
displayed througfi graphical techniques irKluding 
color representation of tfie intensity of scalar 
variables. The figure shows the grid and 
computed density distribution over one plane 
for a spiked nose body case. 

Robert E. Smith, Jr.. 3978 (506 31 83) 


Grid Density distribution 


Mach 7 Scramjet Engine ■ eats 

A broad and comprehensive research 
program is currently underway at Langley to 
develop the technology for hydrogen- fueled, 
airframe-integrated, supersonic combustion 
ramjet engines. In the concept currently 
providing research focus, the entire undersurface 
of the vehicle is part of the propulsion system. 
The vehicle forebody performs a significant part 
of the inlet function, and the afterbody is the 
nozzle expansion surface. Fuel is added from 
in-stream struts which can inject eitlier 
perpendicular or parallel to the oncoming flow. 
A combination of three-dimensionality in the 
inlet and modulation of perfiendicular and 
parallel fuel injection allows operation over a 
wide speed range with fixed geometry. Research 
is currently being performed on engine 
components (inlets, combustions, and nozzles), 
computational fluid mechanics for internal 
flows, component integration (subscale engines), 
structures, and flow diagnostics. 
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Tetti of lh« »ngin» corKtffit «r» tMii>g 

cotHluctvrt «t M«di 4 and Mach 7 to b« 
reiMawntativa of tfta lower arxt higtrer erKfi of 
the oiwrational eirvelofte Preliminary trr«tir>g wai 
ifone in 1978 and 1979 to identify prutrlemi 
and component technology reguirementt. 
Result* indicated rvaionatily good (>ertormance 
at low fuel air ratios, but revealed protilems in 
extending this t>erlormanc* to tlie higlier fuel air 
ratios necessary for flight. The major protilem 
a(i|>eared to be achievement of jKOiier ignition 
very near tire (loint of fuel injection with 
suthcient release of lieat in the initial portion ol 
the comtHiStor. 

In suhsequent Mach 7 ti*sts, attemjrts to 
imjHove the jierformance a* high fuel air ratios 
Irave jiroduced some very promising results. Two 
jHiinary dillerences arc resjionsible tor tire 
improvements. First, silane (S 1 H 4 ), a com(>oi‘nd 
wliich readily ignite* at room temjreratina, was 
used to jirovide a jiositive ignition source aitlier 
as an ignitor (used only at start of test) or a* a 
pilot (continuous throughout test). Second, an 
additional row ol jierjieiKlicular fuel injectors 
was ailded downstream of the existing injectors. 
This provides a "stage interaction" which creates 
a relatively large disturbance region to statnli/e 
the flame and jirovide heat release near the fuel 
injectors In these tests no attempt has yet been 
made to optimize either the stagevi injection or 
the use ol silane to aid in ignition. The figure 
sliows a plot ol tlie recent results obtaiited. fj^e 
curve IS a target jrerformance whicli is 
representative ol an acceptable level for an 
actual aircraft ajiplication. Some of tlie data 
involve piloting with silane and some are tor 
hydrogen fuel only after the silane ignitor was 
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Engine performance with silane and staging 


turnerl off. The piloted data at Macfi 7 show 
Jierformance of ajH>roximately 90 jiercent of tlie 
target, note that tlie hydrogen only data have 
somewfiat lower jierformance, but still about 80 
Jiercent of the target. This is true over a wide 
range of fuel air ratio*. Tlie lower jierformance 
with hydrogen only 1 * believed to tie associated 
with jioor fuel distribution. Since tlie desire is 
to use silane simply as an ignitor ratlier tlian a 
jiilot, the challenge in remaining tests is to raise 
the fuel air ratios with hydrogen while 
imjiroving fuel distribution. 

Tliese new results are axtreinely encouraging. 
They show conclusively that excellent 
Jierformance can be achieverf in tlie engine 
concept under consideration, and imply even 
tietter jierformance for an oj'timizad design. 

Robert A. Jones, 3772 (505 32 93) 


Prediction of the Transonic Flow 
Over Axisymmetric Boattail 
Nozzles 

The time dejiendent Navier Stckes equations 
in massaverageil variatiles are solved for 
transonic flow over axisymmetric boattail jilume 
simulator configurations. Numerical solution of 
these equations is accomplished with tlie explicit 
finite differeiKe algorithm of MacCormack. A 
grid subcycling proceifure and computer code 
vectori/ation are used to imjirove comjxitational 
efficiency. The two layer algebraic turbuleiKe 
models of Cebeci-Smith (C S) and 
Baldwin Lomax (8 L) are emjiloyed for 
investigating turbulence closure. Two relaxation 
models based on these baseline models are also 
considered. 

In this study solutions for the Reubush 
afterbody, which has a boattail terminal angle of 
34°, have been computeti. For all cases tlie flow 
on the boattail is highly sejiarated. The variation 
of the surface jiressure coefficient Cp with the 
nondimensionali/ed axial distance at tlie 

Mach numbers of 1.3 and U .8 is shown in tlie 
figure. Results obtained with each of tlie four 
eddy viscosity models are given. The jiredictions 
with the baseline turbulence moifels show poor 
agreement with exjieriment. This is not 
surjirising since these models do not account for 
uj.stream history effects. That is. if the flow is 
disturbed in some way (i.e., severe adverse 
jwessure gradient) the turbulence field doe* not 
respond immediately. However, it does retain 
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mtmory of lh« «v«nt. Tf>t r«laMation modalt 
altampt to account for this dafayad ratponia 
through a ralaxatton langth tcala (X). Tha Ralax 
(C S) modal tolutioni comiiara wall with tita 
data axcapi lor tha wfiaratad flow ragion. In 
both tha tuparaonic ar>d lubtonic caaaa tha 
rasuitt datarminad with tfw Ralax (B LI modal 


cap'.ura tha praaaura plataau ragion. Thatt 
pranura dittributiona tuggaat that tha ralaxation 
turbulanca modali hava ttotantial to accurataly 
pradict wich boattail flows. 


R. C. Swanson. 2673 (506 32- 131 
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Engine Inlet Alters Noise Pattern 

Systematic experimental and theoretical 
studies to understand tha affect of inlet sliape 
on the noise radiation from engine inlets have 
been conducted which lay tlie four>dation for 
using inlet shape to control farfield engine 
noise. Starting with simple geometries that were 
amenable to analysis, ext>eriments have been 
performed to verify the predictions. The results 
sliow excellent agreement in those cases wnare 
the noise source was well defined, even for 
variable cross section geometries for which exact 
analyticai solutions exist. 

The experimental work has been extended 
to include the effects of flow and inlet shapes 


not subject to analyris. These results show that 
the radiated noise field may be significantly 
altered by the shape of the inlet. One effect of 
interest is that tire angle of principal radiation 
may be shifted closer to the engine centerline 
with a proper selection of inlet contour such 
that peak noise is focused in front of the 
airplane, rather than towards the ground. 
Experimental inlets, such as the unsymmetric or 
"scalloped" inlet shown being tested, have 
demonstrated the capability of even more 
drastic redirection of sound energy into the area 
above, rather than below, the airplane. 

Richard J. Silcox, 2617 (505 32 03) 
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Flight Effects on Noise From Turtx>fan Engines 


Wh«fi • high by p«u ratio angina it tattad on 
tha ground $nd in fliglit. ttia noita produoad it 
dittarant in \Mayt that ara not alwayt undarttood 
or pradictabla. An intarcantar program involving 
angir^ tatt stand, wind tunnal, arxJ flight tattt 
on a small turbofan angina is in p'ogrsst to 
improva tha undarstandir>g of tliasa diffararKas 
and to davalop tachniquat tor timulatir>g the 
fliglit affaett on tf>a giourxl. Tsvo kay rasultt 
hava iMan obtained m tha (last yaar. 

riia first result was obta:nad from a 
precursor fliglit test that verified procedures fiK 
static to tliglit Qomparisont and datermir^ad 
alterations to radiatetf noise patterns due to 
installation on tha flight test airplane. Tha figure 
slioy/s tha noise source durirsg grourxf calibration 
arnf on tha flight vehicle, arKf a resulting data 
comparison. Tha ground test was parformad at 
an outdoor test area with tl a ground covered by 
sound absorbirsg wetfges to mir.imi/e rauections. 
Tha source was a loudspeaker within a 
streamlined fairing. Tha airplane was tlien flown 
over an array of microt>lH>nas with tha source 
radiating at discrete frequencies Tha acoustic 
data were processetf by ensemble averagetg over 
the microphone array and adjusted to a 
static equivalent condition. The adjustment 


prooidura corssidars factors such as dopplar 
frequency shift, convective amplification, 
spliarical spreading, atmospfraric absorption, and 
ground im|tadar>ca. A typical rasul; with tfta 
aircraft flying at an altitude of 3U0 feet, a 
velocity of 106 krsots. and wPii tha source 
radiatirsg at 4 kHt is illustrated. Tha static and 
tha fligfit adjusted data AjirM within r2 dB for 
amission arrgles from 20” to 100”. This gorxl 
agreement establislias the adjustment procedures 
and suggests that irrstallation affects will not be 
significant for tfta high fraquarKy turbofan 
angina tones. 

Tha sacortd result was obtairtad from an 
instru relented angirta during tests at simulated 
forward sjtaad in tha Ames 40 X 80 wind 
tunnal. Analyses of unsteady pressure data from 
transducers mounted on tfta fan blades indicate 
that fan rotor turbulettce interaction is tite 
dominant noise source at static conditiorts. but 
reduces in intensity as flight velocity increases. 
Aftove about 20 knots, artotfiar noise source, tita 
fwn-rotor/potantial flow field interaction, 
ttecomas dominant. This latter source was found 
to be relatively iMsensitive to furtftar increase in 
forward velocity. 

John S. Preisser, 3841 (506 32 03) 



Comparison of static and flight directivity patterns from an acoustic source 
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LaRC-160 Polyiinide Matrix Raa‘n 




LaRC-160 polyimida tnatnx raain. a matanal 
dticcvarad at Langlay and awardad Industrial 
Raaoarcit Maga^tna's prattigtout IR-100 award in 
Saptambor 1070. haa racatvad wida accaptarwa 
in tha aaroipaca irtdustry'i raaaarcP arK< 
tachrtology programs on advarKad ttarformanca 
compoaitas. This uniqua, low cost rasin systam 
has a combination of dasirabla physical 
propartias, such as axcallant low prassura flow 
charactaristics, which maka it an attractiva 
candidate for varsatila procassing into strong, 
low void comppsitaa. Excallant retention of 
compoaite propertivn results after ex|x>sures in 
excess of 500 hours it 560 — 576 K. Tha rasir 
is now being marketed and the carbon fiber 
preprog material made from LaRC-160 is also 


cornmarcuiiy •'■‘lObla from five conpanias in 
tha Unitad St'»tr’« Sav^.dl foreign companias 
hava axpresM.a an interast in licarpng patent 
rights from NASA. In addition to t.varal NASA 
composite development prograrrs based on 
LaRC 160, a numtwi of Department of Oofer>sa 
end private aerospace firms have selected 
LaRC *90 .H the matrix resin of choice for use 
in developing composite components for 
missiles, engines, and filament wound vessels. In 
addition. Technology Utiliaation has handled 
over 700 re<)uests for information on this 
promisirig material. 


T. L. St. Clair, 3041 (505 33 33) 
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LaRC-160 polyimide matrix resin 


Superplastically Formed and 
Weldbrazed Compression Panels 


Two relatively new Ti processing procedures, 
iuporplastic forming and weldbraaing (SPF/VYB), 
have been successfully combined to fabricate 
titanium members which should exhibit 


improved structural efficiency and durability 
compared to titanium structures fabricated by 
conventional means. The combined use of 
SPF/WB offers processing advantages by 
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tkplo«lit>g uw of iup>NplMttc forming to 
f«(Mic«l*t tliffaiMK cunfiguratiorit Hiat cannot b» 
fatiricatwf uting criiv»«itionjl procriwm and tha 
utr of waldbraririg to prcxluct »Kin ttiffenrHi 
•tructurat having a ductila aluminum bra<a |oint 
for lmpri>vtd durahility ' miitaiKt to cracK 
prup'Hjation comparacf to titaniijm itructum 
fiavi • I integral joint*. Baadod and 

i.onvMniional hat itiffanar configuration* hava 
tiaan *uparplattically formad arMi attaclwd to 
Ti 6AI 4V titanium alloy *kini by waldlKa/ing. 
Praliminary itudia* *tiow that approximataly 30 
minuta* at 1200 K ara raquirad to 
*uparpla*tically *orm tlia atiffanar* aiKf 
approximataly 5 minu'.n at 950 K ara ra<|uira<t 
fur waUlbra/ing. Similar apacimara falKicatarf by 
SPF r j (*u|>arpla*tlc forming and diffuaion 
bonding) would rariuira prucauing at a 
tamparatijra of 1200 K for a pariod of 
approximataly 4 hour*. Tha afiortar tima and 
lower tamiwratura* rariuirad for SPF AVB ahould 
produce a much amallar dagra 'mg affect on 
material prupartia* than i* found lor SPF.DB. 

T. T. Bala*, 3405 (505 33 331 



Suparplaatically formail and waldbraiad titanium 
compraaaion panel 


Hot Forming Graphite/Polyimide 

A aimple fabrication procedure which offer* 
several advanta<ie* compared to conventional 
autoclave curing has been used to fabricate 
graphite poly imide composite element*. Both 
Celion/LaRC 160 and Cel ion PM R 15 hat shaped 
stiffeners have been built. Briefly, the procedure 
it: (1) the appropriate number of prepreg plies 
IS assembled into the required orientation, (2) 
the resulting laminate is B staged under vacuum, 
(3) the laminate is placed betvreen 519 K 


prefieaterl matcfHKl netal d««rt, (4) contact 
pressure i* aiiplied arsd meintained tor 10 
minutes, 15) 2.07 MPa presaure •• applied and 
the temperature it irKreased at 3 K/min until 
603 K It achieved, and (6) the pert is 
maintained at 603 K for 30 miisute* and then 
cooled et 3 K'min under pressure until the 
temperature it reduced to 3C6 K Free standing 
pottcure m an air circulating oven it used to 
increase the gtaas transition temperature of tha 
composite element if required. Several 
advantages are apparent from results obtair>ed to 
date. Once t!wt B staging otieratinn hat tieen 
completed, the rom|>otite can be stored at room 
temfierature fo' at least 6 months without 
degrading. Ten refilicat of three different 
batches of composite material have tieen 
successfully fatiricaterl and demonstrate the 
process reliability. Compared to autoclave 
curing, the hot forming process re<|uires less 
energy, 

R. M. Baucom, 3940 ( 505 33 33) 



Hot formed graph>*«/polyimide hat shaped 
stiffener 

Decoupler Pylon for Suppression 
of Wing/Store Flutter 

To satisfy multimission requirements, 
modern fighter aircraft mutt carry many tyfiet 
and combinations of external wing mounted 
stores. The carriage of such stores can reduce 
the flutter speed and thereby degrade the 
operational and miuion eftectiveness of combat 
aircraft. Because of the importance of flutter 
avoidance, considerable research hat been 
conducted to develop and assets the capabilities 
of both active and passive flutter tuppreuion 
concepts. Ar. effective yet simple passive flutter 
suppression concept has been demonstrated in 
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wind tunnel model inveitigetKM« of two 
edvenced fighter configuration* > the F 16 and 
YF 17. Theee reeeerdi atudie* indicate that the 
performarKe of the decoiipler pylon *y«tem 
compared favorably wKh that of active flutter 
•uppreeiion (yitemt. It not only provide* 
*ub*tantial increa*e in flutter *peed but al*o 
reduce* the *en*itivity of flutter to change* in 
*tore inertia and earner of gravity location. 
Baaed on tlieae promiaing reault* a iHogram 
leading to a flight demonatration of the 
decoupler pylon on an F-16 ha* been initiatid. 

F. W. Caaier, 7661 (506 33 53) 

Active Control Increase* 

Transport Flutter Speed 

NASA developed control law* (or a 
wir>d tunnel model of a DC- 10 derivative wing 
wit re tested in cooperation with the 
McDonnell Oougla* Company Tlieto cooperative 
Mudie* were furnled under the Energv Efficient 
Tran*|)ort program anu were a continuation of 
ti>*tt (terformed previously by Dou'^las. The 
purttosc of tliese teats was to study two flutter 
suppreaaion control law* that were designed 
using new method* developed at f'^A Langley. 
One of the main obiective* of this cooperative 
study was to make a contribution to the 
Douglas active control program by providing a 
rapid transfer of NASA research technology to 
industry. Both control law* provided flutter 
speed irKrease* in excess of 25 iiercent. 
Additionally, gust studies (terformed on one of 
the control lews indicated significant reductions 
in gust loads when tested in turbuleiKe. 

J. R. Newsom. 3323 (505 J3 63) 


New Flight Flutter Test Technique 

Tire acquisition of flight flutter data in the 
flutter region is es(>ecially invaluable for 
validation of synthesis and analysis techniques 
for flutter su('pressioii ;w*tem*. Nearly all flight 
flutter tests are aimed at verifying flutter 
clearance within the flight envelo(ie of a 
(Mirticular aircraft and the accuracy of the 
predictions it not determined. A technique has 
been developed and demonstrated for acquiring 
the needed data from high risk tytie tests by 
using a low cost u. manned remotely piloted 


research vehicle. From utilization of modern 
data acquisition and transmission methods with 
new computatio.1 tschnclogy, near real time 
ass ess ment* have been mad* of wing r*s(>ont* to 
excitation by tin* wa/e frequerKy tw**()t of 
short duration. The flutter boundary of a 
research wing was established in a fligfit made in 
March 19B0. Tfi* accompanying figure it a 
(ihotograph of tfic test vehicle and retearcfi wing 
in fligfit. Til* realistic flight environment allows 
accurst* evaluation o* system performarKe. 
While tom* refinements are stHI needed in tha 
test tochniqu*. successful demonstration hat 
been accomplisfied. 

K. N. Murrow, 362'/ (506 33 53) 



Flutter test vehicle 


First Observation of Uttrasonicaiiy 
Induced Dilation 

Ultrasonics hat steadily been gaining use at a 
nondestructive method to evaluate and 
characterize materials. Tlieoretical models have 
been extensively used to help understand 
experimental obtorvationt. Orte such model, 
wfiich dealt with nonlinear ultrasonic theory for 
solids, predicts a dilation of ttie solid in tlie 
(Kesenc* of a higr, tr«tquerKy ultrasonic wave. 
Although this model hat been in existence for 
at)out 20 years, tiw dilation up to tlie present 
has never been observed. Recently, ttie 
ultrasonic dilation has been experimentally 
observed for the first time. This exciting 
observation o(>ent another area of ex(ierimental 
nonlinear acoustics. It provides a new tool for 
the nondestructive characterization of materials 
by providing information on higlier order elastic 
constants. 

The ex()eriment was (K'formed with a single 
crystal germanium sample. The dilation was 
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obMTvtd by placing a cylindrical urnpla in a 
configuration whart on# of its arnfs was half of 
a parallal plata capacitor. A tmall changa in tha 
langth of tha urnpla cliangat tha capacitor gap 
spacing arsd tharafora char>(,ia iti capacitarKa. 
Tha changa in capacitanca it than maaaured. A 
tramducar mountad on tha othar arKf of tha 
urnpla wa* axcited to irKluca an ultrasonic pulu 
in tha urnpla. Tha changa in tha capacitarsca 
during tha ultrasonic pulu was tlian maasurad. 

Tha thaory oradicts that tlia amplituda of 
tha dilation will ba proportional to tha square 
of tlia amplituda arxf tisa square of the 
frequency of ttia ultrasonic wave. Therefore, tlia 
signal amplituda was measured as a function of 
tlie frequency and amplitude of tha ultrasonic 
wave. Tha signal was found to have the correct 
functional dependence, thus confirming the 
ultrasonic induced dilation. 


f John Cantrell, Jr., 3418 (505 33 43) 
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Motion/G-Seat Study in 
Helicopte r Trainer 

A simulation experiment to collect data 
uuful for the specification of helicopter training 
devices for the LAMPS MK III helicopter was 
completed by Langley personnel. The 
experiment examined the effects of destroyer 
ship movement, visual system delay, and fixed 
bau/nrK>ving bau/G Mat conditions on hover 
performance across 14 Navy pilots. 
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In general, batter performance was 
associatad with the shorter delay arxf tha 
platform motion corxfition. G uat parformarKa 
was significantly batter than fixad bau 
parformjnca, approaching that of tha platform 
condition. 

R. V. Parrish, 3874 ( 505 35 33) 


Tone Burst Spectroscopy 
Measures Fatigue Damage 
in Composites 

The increased um of composite materials in 
the aircraft energy efficierKy reMarch programs 
has placed demands on the field of 
nondestructive evaluation (NDE). An important 
as(>ect of NOE continues to be the development 
of quantitative rather than qualitative 
techniques. A significant advance has occurred 
at Langley which places the art of NDE much 
cloMr to the physics of materidii. The advance 
involves phase insensitive tone burst 
spectroscopy (TBS) which combines Langley's 
IR’100 award winning phaM insensitive 
transducer with a novel acoustics spectrometer 
system. The combination is capable of 
quantitative spectroscopy and is finding 
appropriate application to studies of composite 
materials. In the past, accurate spectroscopy in 
inhomogeneous materials was complicated, if 
not impossible, due to transducer phaM 
cancellation and system pulM shape «;tifacts. In 
rrtany instances complex deconvolution was 
necessary to eliminate system responses and 
phaM cancellation and nonlinear transducer 
drives were nearly impossible to eliminate. The 
new TBS system uses a tracking generator 
spectrometer instrument with a gating logic 
device developed at Langley. The results of the 
technique are striking — no electronic system 
deconvolution, no transducer phase cancellation 
artifacts, no nonlinear transducer drive voltages, 
and no critical propagation geometry Mtup 
problems. Using the TBS technique, early 
fatigue damage in composites has been obMrved 
and quantitatively analyzed which demonstrates 
the detection of significant changes in material 
attenuation and attenuation gradient. It is thus 
evident that the TBS technique provides a 
significant advance in nondestructive estimation 
of fatigue damage in composite materials. 
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Vector error score averaged over pilots and ship 
movement conditions 


John Cantrell. Jr.. 3418 (505 33 43) 
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Decoupled Controls for Impioved Safety in Wind Shear 


WtiH< ttwai occurring during approacti and 
larHimg hai tiven a (igndicant factor In Mivi>ral 
atrplana aciMdanit that liava occurrnd during tlHi 
nait law yaart. A clatric axainpla wai tfia 
Eaitarn H6 crash at Kannatly in 1976. 

A dacouplad longitudinal control lyitam has 
liaan devaUniad to improva tha pilot's atiilitv to 
maka sala lainlings in savara wind shaar. Tha 
dacouplatf control systam usas constant gains to 
iinplainant changes in thrust, alavatoi (losition, 
aiKi symmetric spoilers to provide indatranrlant 
or dacou|)lad control of flight |>ath angle, pitch 
angle, ami forward velocity. 

The dacouplail control systam has huan 
avaludtavl using a fixed base simulation of tlia 
NASA Terminal Configurail Vehicle (TCV). 


Three research r;;ott were use«1 as suh|ects aiKf 
tha simulation modeled a typical twin arrgine jet 
trans()ort. Both tire conventional control systam 
and the advr.rKed TCV control systam craslierl 
atituoximataly half of tha time in simulatarl 
Kennedy wind shears t>at:ause they pitched to 
high angles of attack artd stalled. However, wfien 
the decoupled control system was usetl, tire 
airplane did not stall and tire pilots were always 
atria to complete ufe lamlings. 

TIresa results indicate a significant |>otential 
tor imirroved safety in the terminal area 
environrrrent with a deciuipled control system 
tliat can Ire incortrorated in any air|rlai>a that 
usas servo driven actuators. 

G. K. Miilar, 4691 (606 34 331 


Cockpit Dispiay of Traffic information 


NASA and the f-AA are engaged in a joint 
program aimed at investigating tire jtottntial 
(renefits of providing the j'llot with a disjilay 
winch shows the jiositions of suriouiuiing 
traffic. The technical feasibility of such a 
conce(>t, generally refarietf to as the "Cockjiit 
DiSjilay of Traffic Information,*' has iHien made 
jiossible by the availalrility of airborne electronic 
disjilays and jilanned ujigraifing of the air traffic 
control (ATC) system to jirovide a two way data 
link between aircraft and the ATC system. 


Flight tests, rejiresentative of an atfvanced 
imjdementation stdieme, wfieroin traffic would 
be displayed on the electronic horizontal 
situation indicatoi were conducted using the 
Langley TCV B 737 rosearcli aiiplane. The 
results indicaterf that the traffic display 
contiibuteif substantially to the flight cri 
oveiall situation awareness and provuied angu 
learf time for detecting and lesolviirg conflicts 
that were introriuced into the traffic scenarios. 
Furthermore, as a potential iMmefit for improveif 
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4iiw«v capacity and incraaMNl otM^ating 
uMinttiH'v. pilot comrrantaiy iiMlicatMl that tli* 
law than noimal tiallic irtiaratiom that lawra 
tntiHl wait accaptatila amt that inonitotiitg tl«« 
tiattic cliiplay itiil not attveiialy alltH't 
(laitormanca ol tlxnr uthar pilotinq tatKt Thii 
work did, howavar, hiqliliqht tlw imnhI lor 
additUMial altanlion to tlia prohlam ot dii|)lay 
clot tar 

John F Gaiian, Jr., Jti?1 (5J4 ()4 131 

Advanced Display 
Generation Concept 

A miipM alrinanl ol lha Cixkpit Avionics 
H III 1 Uisa piiHjiam is lasa.iich (mi advamriHl 
ilnqilay qanaiation ti*rhnoloqy which can provida 
intaqialao nuiltinuHia dis(ilay inloiination in 
cockpits ol liitiiia civil aircialt Tha anqihasis in 
tha proqiiim is tlia davaloiimant and avalu.ilion 
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Banchmark display lor mats 


ol hiqli S|iaa«1 lastar scan grafthic tiH'hnoloqy 
which can amploy tl>a rat!ant dramatic 
davtlopmanis in microcircuit /micrtqnocasaoi 
tachnoloQy aiMl provida altaiKlant advantaqas ol 
colcr, shailing, aiMl imaqa comtroction 

A NASA'Univarsily Iniluslry taam altort ic 
davaieoing an advanrad avparimantal 
progr an«i7!Si)la display ganaraior lor 
laiKMalory^simulator rr'saarch In accomt)lishii>q 
this olr|a«*tiva, a contract has liaan awardad to 
IKonos Graphics Systams loi davaloftmant ol 
tlia system lha Rasaarch Triangla Institute lias 
haan awardad a conqianion contract Ini 
davalotmiant ol applications systams soltwaia 
Also, the N C. State rasaaich grant ciMitinuas to 
davalop .Ml.arK'ad display qanaiation algorithms 

Tha aniiarimantal dis(il(iy g«>nerator will 
provide a siqnilicant ailvaiHra in real tuna 
colorqiaphic dis|ilay c^itiatiility tor cockpit 
simulators Tlie acconqianying (iliotogratih shows 
typical display lormats achievahia with the new 
technology Tha altort has tracome the liasis lor 
s«>vaial tuture a«lvanca«l llight deck apiilications 
programs at Lockhaad GiuHgia, tlia Naval 
Training tquipmant Center, and tha 
NASAlanglay Terminal Conliguratl Vehicle 
Progiam Simulation Group 

Jai:k J. Hathald, 3790 (bOb 34 23) 

LORAN-C/Vermont 
Flight Experiment 

The LORAN C system is haing axp.indiHl to 
(Hovida nu»ra covaiaga aiul Indtar le'omatry loi 
iiKist ol tha Continantal United States, Alaska, 
anil tha cirastal iiH)ions. This system expansion, 
couplrnl with iwant commercial development ol 
lalativaly low cost LORAN C aircralt navig.ition 
iM|uipmant, has generated incteaseil inteiest in 
using LORAN C lor area navigation and 
iKMiprei'ision a|)(iroachi^. Tlia ingNMus to use 
LORAN C IS qieatest in ,«teas such as lha slate 
ol Veiniont, which has stiarst* VOR coveiaije, 
small ait|Huts in mountainous terrain, and 
cuiistH)uanily high a|iproa<'h miiiimums aiHl 
limited air accessihility Seeing mKinomic 
lianatits in increasing air accessihility, tha state 
ati|ii ooched tlia lederal agt'iicias lor assistance in 
evaluating LORAN C. This led (Fall 78) to 
formation ol a |Oint progr.nn with the state ol 
Vernuint, NASA, DOT/TSC, aixi tlie FAA. Tha 
program gtsals w»*re (1) deline LORAN C 
perlormance in a realistic ancralt control 
environment lor enroute, terminal, arxl a|>proa<'h 
route srxjments, (2) develop a data base to 
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support Vmnront't r*quMt (or LORAN C 
c*Mi(ic«tioo ami tMlucIton of atrtiort mmttr>umt. 
artd (3) tovvstioata Ioihi term god itatrildv in a 
inountaiiMHJt rvgron. 

Vatmont piovidad Uta last aircraft arxi 
comluctatl t)ia (lald ottarationt; DOT TSC itas 
ovaraii ratpoosihility (or coordination, tast 
(tlannir^g, amt certification (tociimantation; tlia 
FAA (law •ndtt(>aiH(ant anrouta vardication 
(liglitt. Langley's mla was to devalO(> tlia (liglit 
instrumentation containing tfia LORAN (' 
navigator, a multilataiation (tosition rafara' 
systvm, aH( a data aatuiiition system to rac<> 
at ! second intervals tfte rafaranca system a < 
LORAN C derived ^losition aiKl navigation 
(larametars. Langley also developed a 
gruuixl hasail data system to record long term 
grid variation. In addition, Langley |>rovidad tlie 
data reduction and analysis. 

Tlia instrumentation was test flown on 
NASA aircraft at Wallot>s for verification aiHl 
tlian tfeployad to Varirunt. Forty data (lights 
arxi additional danxinstration (lights ware flown 
over the year test (raiioif cuirently eixfing. A 
typical flight t>ro(ile shows the planneif course 
aixi tlx> LORAN C denve<f track (navigation 
using LORAN C). Test results were excellent 
aixf have (wen disscminateii thnuigh articles in 
Aviation Week aiuf Air Progit»ss, con(ereix:e 
(M|>ers, aviation community aixf FAA Itriefings. 
aixf certification submittals. 

C. D. Lytle, 3G31 (b05 34 06) 


Low Cost G-Cue Substitutes 
for Flight Simulators 

For the t>est several years, there has (teen 
little agreement on the trenefits of motion 
cueii>g to simulator pilots. Langley has a 
(xogram to investigate low cost motion cueing 
technology in an effort to increase tite fidelity 
of piloteif simulations. Results to date have 
sfiown that Langley desigixrtf G seats and helmet 
loaders improve the simulator pilot's 
tierformance in fixed base, high twrformaix^e 
aircraft simulators. These results are Lieing 
utilized try industry with nrore than a lialf dozen 
simulator manufacturers now providing G seats 
traseif on the Langley design aixf at least three 
companies now planning to manufacture the 
Irelmet loader. Presently at least, 20 of tlxi 
G seats have been sold by simulator 
manufacturers. 


Recent experiments (rave s(x>wn G seat 
augmentation of platform motion to be 
treireficial to simulator pilots. 

Tire ri/sults of the extreriment shtrw that the 
F 16 sutriect pilots (performirrg a trackirrg task 
with high pilot woikload) exhitrit significantly 
Iretter tracking twrlornraiwe with eitfrer G seat 
or platform nrotion versus tire rro nrotion cue 
coirdition. Howevei, tire pilots exhibited even 
Iretter trerlormance when both G seats aixf 
nrotion platform cues are present. 

). n. Ashworth, 2344 (606 35 33) 


Method for Airport Community 
Noise Impact Assessment 

Tlie aircraft noise levels aixf annoyairce 
nroifel (ALAMO) is a coinputerizeif methcxf for 
(xerfictirrg the imiract of aircraft iroise on airtrort 
communities aixf identifying ofrerating sceirarios 
to minimize that imix’Ct. Noise "footprints." or 
contours, of constant rroise extrosure are 
conrbineif with ixmsus data (or the ALAMO data 
Irase (or any airtrort community in the Uniterf 
States. The number of (reirple extroseil at any 
s()eci(ieil level of noise is calculated, aixf 
(rsychophysical relationsirips lx>tween noise aixf 
hunran sub|ective rettronse are jptrlied to predict 
the nunrber of severely imtracted residents 
within the airport community. Various 
demographic arxf socioeconomic variables such 
as txipulation growth rate, average age, average 
hon>e value, t>ercentage of homeowners, etc., 
can also be determineif as a function of noise 
level. 

In aifdition to assessing current noise impact, 
the ALAMO can be useif to define air^xirt 
otrerating scenarios to minimize community 
ixjise impact. The ALAMO will determiixr 
ground tracks overflying tlie sma'Iest number of 
(leoiile, determine ;lie takeoff profile, or stiecify 
I unway use rates that minimize noise imtiact at 
a twticular air^xirt. It can lie used to evaluate 
tlie relative effectiveness of these otierational 
noise control measures wfien comoared to 
land use and aircraft noise control approaclies 
such as quieter engines, rezoning, and building 
insulation. As an illustration, the figure 
summarizes a noise control effectiveness study 
recently conducted t'or a ma|or midwestern 
air^iort using the ALAMO. Tlie effective noise 
reduction associated with the following 
apfiroaches to community noise control are 
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comparad; HI cutting tha iHjmbar of oparationt 
in half, (2) impoting a night curfaw, (3) flying 
population*mlnimal grountf tracks, (4) a 
prafarantial runway usa policy, (6) sound 
insulation for homas axposad to noisa lavals 
graatar than 66 dacihals on tha Day NigfU Laval 
(LDN) Bcala to giva an additional 6 dacibals of 
structural nuita loss, aixl (6) ra/oning to forca 
relocation of all rasidants currently ax^rosad to 
noise levels in excess of 76 decibels on tha LDN 
scale. Tire nKMt effective countermeasure for 
this particular airport was flying 
txHHilation minimal grourHf tracks. 

Richard DaLoach, 3561 (606 35 13) 



Etiective noise reduction tor a (>articiilar airport 


Aerial Applications Technology 

Testing conducted with a scale model 
agricultural airplane in tire Langley Vortex 
Research Facility has demonstrateti the affect of 
winglets on reducing oft target drift of aerially 
aftplietf chemicals. Winglets nrountad on a 
scale model Thrush agricultural airplane reduced 
vortex entrainment of particles released from 
tha wirrg. This reduced vortex entrainment is 
estimated to result in a 30(>ercent reduction in 
strray drift (with no charrge in swath width). 
The figure illustrates with (low visualisation the 
tendency for reduced vortex effect (with 
winglets on) on traiectories of trarticles released 
near the wmgtip. Reduced drift of chemicals has 
significant environmental and ecorK>mic 
importance. A 30 (lercent reduction in spray 
drift could save the aerial applications irrdustry 


approximately $16$20 million annually. 
Full scale fligfit tasting is in progress to confirm 
tha small scale modal results. 


F. L Jordan, 2643 (606 41 83) 



WINGLtTS ON 


Effect of winglets on particle entrainment 

General Aviation (^' 

Stall/Spin Research 

A rotary tralairce located in tire 20 foot S|rin 
tunnel at Langley is Ireing usetf to nre^sure an 
airplane's aerodynamic characteristics in the 
rotational flow environment of a spin. Recently, 
one of the most productive unions of analysis 
tools has been accomplished ny joining 
rotary balance techniques with ondina 
min' computer analytical methods for prediction 
of potential stun nKxfes. With this equipment, it 
is ixmible to nreasure aerodynamic forces and 
nxrments foi a (rarticular model conliguration 
over the range of variables extracted in the strin, 
and tiren instantaneously employ an on line 
mini'Compuinr program (which Iras been 
tireloaded with equatiom of motion aird airplane 
mass information) for an immediate prad'Jtion 
of tHTtential s()in modes. Thin on-line a ralysis 
caiMibility offers a new dimension i,: the 
determination of sfrin modes, recovery control 
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tfftctt, airtr».m com|K>n«ni tflactt. and 
iwaiiwtvf fanMtivity itudiM. Wtwn coordmalad 
Mith apin lunnal imm, innKHianl tacloft 
an airplant'i i|>m and racovafy 
cluractanttict can ba datinad 


J. R. Chambars, 2184 (60b 4M3) 



Modal on rotary balanca 


Quieter General Aviation 
Propeller Demonstrated 

Ptopallar iKiiM* from ganaral aviation aircraft 
n a protrlain lot many communitiat. Typical 
(irotialler noiia retiuction mathodi raly on 
ralativaly old tachnology and usually rasult in a 
substantial partormaiKa i>enalty. Racantly 
davalo(.>ait tacbnology has baan damonstratati to 
reduca propellar noisa without a significant 
iwtformance penalty. This was accomplisiHKf 
when a naw propaller noisa prediction 
mathotfology developed at tlia Lairglay Research 
Center was iianslatreif to Massachusetts Institute 
of Technology for use in a study to optimize 
tire noisa and perlormaiKe characteristics of 
light aircraft pro|>allars. 

MIT has completed the project by 
(fanxinstrating the quiet projreller design on a 
Cessna 172 aircraft. Tire quiet propeller has a 


larger irrboard dtord. a sntallar diameter, arxf 
oiierates a(>oul UK) rjim slower tfian tl>e 
starrdard propeller. TIte fligfit denronstration was 
conducted at FAA rroise certification cortditioiw, 
i.e., 300 m flyover at ful! jiower. Tfie quiet 
propeller averagetl 4.8 dBIAI quieter tfian tfie 
jiroduction jiropeller over tfie 36 run test 
sequeiKe. Performance, as indicated by aircraft 
rate of climb, was uiKliangad except at tlie 
higlier aircraft sfieeds. 


George C- Greene, 764b (bOb 41 43) 



Quiet jiroiieller on a light aircraft 


Emergency Locator 
Transmitter Reliability 

General avi'^tion aircraft lire required to 
r^rry ei^iergency locator transmitters (ELT's) 
inteiHfed to be activated in a crash to exjiedite 
the location of downed aircraft by 
search arHi rescue people. In service, ELT's liave 
exhibited notoriously jioor reliatiility, severely 
limiting their effectiveness. Protilems in juoperly 
activating ELT's have been studied by mounting 
a sampling of tliese devices in full scale crash 
test aircraft and in a special laboratory test 


le 





w^hich itmuUm ctMli (>ulaM. Oiw 
()*f tomwKV itoliciency ly» tM<«o i1iicnvffr»tl in 
ttw vilMalion tentitivilv o( ELT inertia tvvrtdm 
illuitratmi acttenuiticallv nt to(r of lire figure 
Tfre Ktlid curve in the figure thowt the ratio of 
ie«(Kin«e to input at a furrction of frequency for 
a typical ELT of current detign. Data irvlicate 
that letonant frequencies of tliear twitcfret fall 
in the range of frequencies of local structural 
vihiations that ekist in general aviation aircraft. 
Tire fret)uenry rarrge of cratli tHiltet, on tfie 
otfier haiHl. is on tire lower ervl of tire 
frequency ttrectrum at iirdicatetf in tire figure 
Tire switches, tfrerefore, are often too retirontive 
to local structural vibrations wfiich can trigger 
unwarranted activatiorrs or prevent activations in 
a cratir situation A suggested imtrrovement 
involves rinfesign of the switch to lower the 
resonant frequency and to cirange the 
frequerKy restrorrse cirararterittics to tirat tirowrr 
by the dashed I ne in tire figure An 

cxireriiTrental twitch e ith such a characteristic 
Iras been built ami *.<rste«1 ami foumi to lurtsess 
nrore desiratrle trer’ornrarrce characteristics. 

Huey D Carden. 379b IbOb 41 33) 
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Load-Limiting Subfloor Structure 


Understanding how to limit loads 
trarrsmitted to occutrants in general aviatiorr 
aircraft in a crash situation it one ast>ect of 
cratfr dynamics research. Orre approach it to 
detign the subfloor structure to dissgrate Kinetic 
errergy by amrropriate structural arrairgenrent. 


astute tlratiirsg ul geometry of structural 
elements, or incor|toratir>g clover energy 
distgiatirrg devicrrs Five U>ad limitirrg tublUxir 
structural tt>eciinent fiave lieen constructeil arvl 
testeit statically. Tire structural concepts in each 
of these ttteciment could be use«l to replace 
currently uteil tublloor structure and consist of 
a relatively strong floor structure to maintain 
seat/aircraf t integrity uirdergirdeil by a 
cruslitytie structure which is intendetl to 
collapse in a controlled manner. Orre of the 
more promisiirg of tltese modifietl structural 
ctrruepts is sluiwn in tfre figure. Test results for 
tfie five new corH:e(its indicate that thay 
(lerform well in that the uptwr floor remaiiHHl 
intact throughout the loading, and the 
crush ty|ie structure collapsed at a iienerally 
lower l(Md level than would lie reiuiirerf to 
collafise a convenlumal structure. The crusfung 
load remainetl relatively uniform in magnitmle 
througfuHit the loatfing cycle Dynamic droii 
tests fm thtne loatl limiting coiKepts are 
currently in progress at velocities up to 9 m s to 
compare impai't tM»rformai>ce with conventional 
subfloor structure. 

Huey D Carden. 379b (506 41 33) 



Mmlified subfloor structure corruiiaterf (reams 


Display Enhancement of 
Instrument Landing System 

A lack of timely and acc-jrate locali/er 
ileviation rate information iiuring instrument 
landing system (ILS) apprtiaches iiKieases pilot 
workload and dei:rea«o$ tracking f ormance. 
This IS es|>ecially critical m-ar the ground, wfiere 
wind velocity changes and the iiKreasetl 
sensitivity of the ILS dis()lay may contritiute to 
tnlot induciKf oscillations. Since tire conventional 
ILS display only presents glideslotre arrd 
locali/cr ileviation, the rate of localizer ileviation 
must Ire r>stimated by scanning other fligirt 
instruments. The aircraft heailing rtH]uired to 
maintain zero deviatiim rate while on the 
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localtfvr ti foumi by trial and arror aiHt may 
vary a« iht aircraft datcandt into changing 
^ndt. 

Tha (naudo command tracking indicator 
(PCTI) II an annarKamant of tha conventional 
ILS diiiilay. Locali/ar deviation lata it praiantarl 
on the PCTI by a rata naadla attachail to tha 
and of tha localifar naatlla. Tha display it 
conligurad lo at to praiant raw deviation data, 
Uxali/ar derivation rate, and a pseudo turn 
command. Tha turn command is a furKtion of 
l(x;ali<at ifaviation and ilaviation rate arxf is 
indicated by the distance tiatwaan tha lower ami 
oi tha ate naatlle and tha vertical centerline of 
tha display. The PCTI aliminv'tar tha naerl to 
find the correct heading by trial and error and 
permits more rapid corrections for wind 
changes. 

A simulation study was conducted with the 
PCTI. Eight pilots each flew five approaches 
with the conventional display /md five 
approaches with the PCTI. Tha average rms 
error of lucali/er tracking using thc> PCTI was 
atK>ut one half the error using tire conventiorial 
dis|ilay, 


David A. Hinton. 3917 (506 41 73) 
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Spin Research With a 
Research Rocket System 

A sf)in recovery system using hydrogen 
peroxide rockets mounted on the wing tips of a 
light airplar>e has been devalopeif and is tieing 
used in a stall /spin research program. The 
system has the capability of providing reiieated 
recoveries from fully developed spins during a 
single fligfd and, thus, facilitates tha stall/spin 
researcfi testing of experimental modifications 
which can t>a made to tha test bed aircraft. A 
maior arfvantaga of the rocket system is its 
capability to increase tha spin rate, os wall as to 
retard it. In the pro spin mode, the system has 
tha capability to generate spins at very high 
angles of attack aruf can, therefore, demonstrate 
configuration affects on tha rtall/spin 
characteristics and can readily expose all 
(louibla spin modes of the airplane. 

Presently the rocket system is twing used to 
study the effects of wing leailing erfga 
modifications on the spin and spin recovery 
characteristics of the test airplane. The 
le.idmgedge configuration presently Ireing tested 
IS a leading iKlge gap obtained by removing a 
short section of the leading eifge at 
mid semispan. This modification has tieen found 
to Ire sfiin resistant. However, the use of 
pro si)in rocket forces to increase the spin rate 
demonstrated the existence of a 
high angle of attack spin motle which was 
unrecoverable with the standard aerotfynamic 
controls. This spin mode was erKOunteretf at 
angles of attack wfrich are appreciably higher 
than riormally encountered with the standard 
airplane controls. Additional testing of other 
leading eifge imxfifications are planneii. 


T. C OBryan. 4591 (5054M3) 



Pseudo command tracking indicator 


Research aircraft 
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Helicopter Vibration Analysis 

Advisory conimittffes haw called tor a 
NASA attack on pioblemt in analysis of 
helicoptet vibrations. Particularly cited have 
lieen difficulties in predicting vibrations of the 
airframe structural system aiMf in accounting for 
airframe participation in overall vehicle 
vibr'jtions A good deal of progress has lieen 
mjile in recent years on vibrations analysis 
methods for the rotor system and the airframe 
system considered separately. It has been widely 
recognized that an opportunity exists to make a 
significant advance in the catiability of industry 
to ifeal analytically with vibrations through 
effective integration of these now existing 
methorh for the rotor and tl>e airframe 

A Langley team has ifevelopetl analysis and 
computation procerlures wftich serve as a 
complete basis for planning arxl establishing 
such an integraterl capability. The airframe is 
represented by a general finite element model 
such as embodied in the N AST RAN computer 
cotfe, which has trecome the standard structural 
analysis tool in the U.S. helicopter industry. The 
rotor is representeil by general linear differential 
eriuations with periodic coefficients wfrich can 
Iw specializerl to retrresent any rotor undergoing 
small vibrations with reference to an arbitrary 
trim state. Coupling of the rotor to the airframe 
is implemented through general equations which 
nray be specialized to represent any interface 
arrangement likely to be eiKOuntereti. The 
coupled eiiuations of motion are solved for 
steady flight vibrations using the ‘’harmonic 
tralance“ method. In the solution process the 
airframe (larticipation is represented by forced 
responses of the airfranre at a finite number of 
harmonics of the rotor rotation frequency. 

All mathematical steps necessary to meet the 
objective are developed as explicit 
computational procedures ready for computer 
coding. These results are a basis for significant 
improwment in reliability and qreed of practical 
analysis of helicopter vibrations by industry 
structures tlepartments. 

R. G. Kvaternik. 2661 (505 42 13) 

Rotor Wake Effects on 
Helicopter Fuselages 

The downwash induced by a rotor on a 
helicopter fuselage and its em()ennage is an 
imt>ortant effect in determining tire overall 
vehicle trerformance. This effect is generally 


nrost evident in hover arHf low S|>eetf flight as 
fuselage downloads and adverse torque loads. As 
a result, there is a need to (iredict the f'ow field 
conditions around the vehicle 

Several analytic methods which use 
source/sink or doublet parrels to model rather 
complex vehicle comporrents have been 
dewloped. In addition, several arralytic rrrethods 
which use either strip theory, vortex ring, liftirrg 
line, or liftirrg surface tireories haw been 
develoiied to model and arralyze free wakes 
from rotors. Tire irext stefr in the evolution of 
arralytic metirods to solve the total problem of 
rotor 'fuselage interference is the validation of 
tire (Kesent method with extterinrental data arrd 
the couplirrg of tire two tyires of rrrethods 

Even though tire dynamic nature of the 
wake on the aerodynamics of tire rotorcraft is 
important, there are many problems winch can 
be analyzed using a mean downwash field. Work 
Iras been done at the Langley Research Center 
by Army Structures Laboratory trersonnel to 
combine the Heyson and Castles modelirrg 
nrethod for a rotor wake using a series of vortex 
rings with the Oouglas-Neumann 
three dimensional, inviscid potential flow 
nrethod for the fuselage To evaluate results 
from this hybrid method, pressure data vwro 
obtairretf on helicopter model with a 3 nreter 
diameter rotor. These tests were conducted in 
the Langley V/STOL tunnel. Results from the 
wind tunnel test arrd tire computer program 
agree wry well. The figure shows the computed 
flow patterns on the model fuselage. 

Carl E. Freeman, 361 1 (505 42-13) 
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Calculated fuselage surface flow characteristics; 
Cj - 0.0066, M • 0.05 


Military Stall/Spin Research 

Military stall/s(rin research corrducted at 
Lairgley is dedicated to providing tire U.S. with 
the technology needed to develop 
high performance military aircraft having 
satisfactory stall spin characteristics which 
enhance, rather than limit, tactical effectiveness. 
Durirrg the (rast year, accomplishments have 
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includtd lupporl of the F 18 airplcn* 
dtvtlo^mant, demonstration of high 
angle of attack control tochrralogy with F 14 
flight tests, investigation of high angle of attack 
flow plienomena causing undesirable wing rock 
on higlily swept wirtg designs, arKf study of 
advarKed fighter designs. 

Langley tests and analysis successfully 
(Kedicted the stall/s(iin characteristics of the 
F 18 arxl identified configuration changes to 
provide improvements. Continuing F 14 higli 
angle of-attack flight tests have further 
demonstrated that current higli angle of attack 
automatic control technology can provide large 
improvements in fighter stall/spin characteristics 
when properly used and that current piloted 
simulation technology, such as used on the 


Langley Cifferential Marreuveririg Simulator, can 
reliatrly (iradict imtrortant stall/sf^in dynamics. 
Wind tunnel studies of the stall flow i>lrerK>mena 
causing the wing reck motion (limit cycle roll 
oscillation) observed on aircraft having highly 
Mwpt wings fiave provided a fundamental 
understanding of the vortex flow plier>omena 
l>roducing time motions. Otlier wind tunnel 
studies of the sta"'..pin characteristics of several 
advanced airplarv. ^orKepts, incorporating uich 
features as the arrow wing for su|>ersonic cruise 
or canards for improved maneuverability, nave 
identified airframe and control system features 
which will provide improved stall/spin 
cfiararteristics. 


William P. Gilbert, 2184 (505 43 23) 



Advanced fighter design 


Divergence of Forward-Swept Wings 


DRICiFNAL page is 

fK P(X)R QUALITY 


There is evidence tliat forward swept wings 
may offer aerodynamic advantages over 
aft swept wings. However, forward swept wings 
must be made much stiifer thxn aft swept wings 


to avoid divergence — a static aeroelastic 
instability tliat can quickly destroy tlie wing. 
For metal wings this usually results in a 
prohibitively heavy structure. Now, however. 
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comiKMttv ttructural tactmology offtrt a 

l>otantial tolution to ttw vlivergenca pfotilam by 
arranging (aeroalatticallv tailoring) tira lamina to 
rtduca tha wadi in that it inliarantly 
charactarittic of torwar J twafit wingt. To varity 
analytical pradictiont of tha divargance 
charactaristict of forward twapt wingt 
conttructaj of comiiotita matarial, wind tunnal 
modal ttudiat wara ma<^a in tlia Langlay 
trantonic dynamict tunnal. Tlu'ta tattt wara 
conductaJ in cooiwration with tlia Air Force 
and tlia Dalenta Au ancad Rataarch Proiactt 
Agency (OARPA), and utail two dynamically 
tcalatl aaroelattic moifali of t>ru()oaad fliglit 
damonttrator airplanat. Tha wind tunnal tett 
ratuitt verified tlia analytical (iradictiont tliat 
high divargance ttieadt can be otitainad by 
aaroelattically tailoring forward twapt win^lt 
with comiKHita material. 


R. H. Rickettt, 2661 (606 43 331 



Aaroelattically tailored winy 


Aircraft Storm Hazards 

The Langley Storm Ha/ardt Program it lieing 
carried out to improve the knowledge of tever.i 
convective ttormt at they affect aircraft detiyn 
and operation. Flight tettt in the vicinity of and 
into tuch ttormt were conducted during the 
1980 thunderttorm teaton uting a NASA owned 
F 1068 aircraft. A total of 20 ttorm flightt were 
made; 9 in Oklahoma in coniurKtion with 
ground dieted Doppier radar meaturementt by 
the National Severe Stormt Laboratory of 
NOAA, and 11 in Virginij in conjunction with 
ground bated ttorm meciturementt by NASA 
Wallopt Flight Center. A total of 68 
thunderttorm (lenetrationt were made and tlie 
aircraft tuttacied 10 direct liginning ttriket. 


During the thunderttorm iienetrationt, 
meaturementt of electromagnetic (Kotiertiet of 
tlie ligtitning which ttruck the aircraft were 
made Otiier onboard inttrumentation tyttamt 
recorded lightning X ray emittiont. 
concentrationt of niirout omde. tlie Ofitical 
IKOiiertiat of liglitning, and tlie turbulence 
environment. A prahn'inary review of tlie data 
tliowt (louible corralationt between teveral of 
tlie entiei imentt. Furtlier fliglit tattt will be 
ma.ie in 1982 and 1983 

Brure D. Fitlier, 3274 (506 44 13) 


Aircraft Lightning Strike Tests 

The ttiecially inttrumentod NASA owned 
F 1068 aircraft recorded three direct liglitning 
ttriket while undergoing <liglit tettt at tlie 
NOAA National Severe Stormt Laboratory, 
Norman, Oklahoma. Tint fliglit initiatet tlie 
gathering of data tor characterizing 
lightning generaied electromagnetic environment 
to tie uted to guide detignt of future digital 
avionic tyttemt onboard compotite 
(nonmetallic) ttructure<1 aircraft. 

The inttrumentation cor>ce»it thown in the 
figure contittt of a number of tentort mounted 
on the noteboom, the tutelage, tha wing, and 
tlie tail wliich detect tlie electromagnetic fieldt 
during the lightning ttrike procett and a 
recording tyttem tfiecially thielded and itolated 
from the liglitning ttrike phenomenon located in 
tlie mittile bay of tlie F 1068. The recording 
inttrumentation includet a wideband (6 MHz) 
video recorder for overall lightning ttrike 
(itienomenon and a trantient waveform recorder 
modified to capture 1.3 millitecondi of data at 
a lOnanotecond retolution. The tentort were 
vferived from detignt develofied for nuclear 
electromagnetic pulte meaturementt. 

The initial data analytit irxficatet the direct 
lightning ttriket Kid an unexpectedly more 
active electric field corin>ared to the magnetic 
field and the electric field't rate of change wat 
tignificant on a uibmicrotecond scale. 

Flightt are continuing with the pretent 
inttrumentation in an attempt to gatlier 
ttatittically tignificant strike characiorittic data. 
Meanwhile, new extianded catiability data 
recording instrumentation it being develofied to 
allow more complete characterization of the 
liglitning generated electromagnetic environment. 

Billy L. Dove, 3681 (505 44 13) 
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Active Control Landing Gear 

E xiwnrrental data have been obtained from 
simulated laiKfing tests of a light aircraft mam 
landing gear equipped with an active 
load control system. Resiilts of tests conducted 






at the k.angley larxfiivg loads track demonstrate 
that tlie active gear can reduce landing impact 
forces by as mucli as 19 (>ercent relative to 
forces occurring with a (lassive gear at 
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tour’idown link ratt« up to t.6 m/wc Jurtng an 
80 knot landing (a typical landing ipaad for 
liglit aircraft). Tha activa gaar alto raiucad 
forcat impoMd on tha tatt rig by 30 to 70 
parcant during tubiaquant rollout ovar 
long wavalangth runway unavannatt Tha taat 
raiult* confirm arulytical iKadictioni and 
llluitrata tluit tlia activa gear hat potantial for 
raducing grour>d loadt apfiliad to tlia airplane 
during all phatet of ground oparat‘orH. A |oint 
Air Force/ Langley study it in progratt to 
axamina ap(/lication of tlia activa gaai cor>ca|)t 
to tactical aircraft operating on liattily repaired, 
bomb damaged runways 

J. R. McGafiae, 2796 (506 44 33) 

Fracture Characteristics of 
Composite Materiais 

Composite materials can be made from 
myriad combinations of fibers, matrices, 
thicknetsat, and fiber orientations. To 
diaracteri/e tha resistance to fracture of to 
many configurations, especially with the 
variability added by considering discontinuities 
(such at fastener holes) and damage (from 
dropiied tools), requires an inordinately large 
number of tests. Rrct*'* research at Langley hat 



CRACK LENGTH, mm 

Predicted toughness and strength of damaged 
composites 


•flown tliat tha fractura strangth of laminates 
can ba charactari/ad by a single toughness 
iwramatar. Q^. Tha parameter is irxlapandent of 
stacking saquarK'a, it easily determined from a 
few simple tension tests, and it linearly related 
to tha tensile ultimate failure strain of tlia fibers 
used in the composita (tea tha aquation in tlia 
figure). Tha figure illustrates that tha predicted 
and measured itrangths of damaged laminates 
agree very virall througfiout tha crack length 
ranuj of tl>a tests. Tha materials illustrated are 
fibers of glan, graphite, and boron, aacfi in an 
ap.'xy matrix (Gl/Ep, Gr.Ep, and B/Ep, 
ratpat lively), Tlia analysis also at>pli«rt to 
aluminum matrix materials. 

C. C. Poe. Jr., 2338 (633 01-13) 

Thermal Acoustic Shield for 
Noise Reduction 

Recant model tests and sigiarsonic cruise 
engine studies conducteJ by tlia Boeing and 
General Electric Companies have revealed a 
promising concept for reducing airplane noise at 
takeoff. Tlia use of a relatively low velocity, 
high tem|ierature stream between tlie engine 
exhaust and the observer on the ground, as 
sliown in the figure, has been demonstrated to 
be an effective means of reducing tlie noise 
perceived by the observer. One of the 
limitations of tlie coannular benefit as a single 
noise reduction concept is the Sfiectrum shift to 
higher frequencies, which is the basic part of the 
noise reduction. However, at high velocity levels, 
the increasing of high frequency levels results in 
a correstKinding increase in the peak overall 
sound pre.. ire levels. Mechanical suppressors 
sliow similar effects and limitations. However, 
the thermal acoustic shield has the characteristic 
of strongly reducing high frequency noise while 
having very little effect on low frequency noise 
Preliminary data indicate that, for an SST 
airplane with GE21/J11 B19 enrjines, tite noise 
benefits due to the shield could be 
approximately 5 EPNdB. 

In order to determine tlie practical merits of 
this concept for AST'VCE application, Booing 
and General Electric under NASA contract 
conducted a study on the mechanical design 
feasibility (specifically for the GF21/J11 B19 
engine) and the effect of the sltield on air|)lar>e 
performance. Results show that: (I) the 

mechanical design is feasible, (?) the weight of 
the system would be approximately 325 kg 
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multinv tn a rang* i)i<craaaa ol 160 km on a 
6800 km fitgttt. and (3) tht Uwrmai acouattc 
•hiald It comiMtibla airplana noita 

abaiemant modat 

Currant plarn art to aoqinrt mod*' teal* 


aoouttic data at forward iptada and hoptlully to 
oorxluct proof of coTKtpt ttttt on a large teal# 
angirw. 

John K Modov, 4576 1633 0< 43) 



A Digital Integrated Automatic 
Fault-Tolerant Computer Designs Landing System 




Two fault tolerant comtHiter detignt 
compulcrt that remain operational in tlie 
pretence of multiple faduret — wi'l be 
candidates for tlie heart of all digital avionict on 
commercial airplanes of tire 1990 s. 

Engineering models of tire Software 
ImplementiKj Fault Tolerance (SIFT) by SRI 
1 nterrrational> Berrdix and tire Fault Tolerant 
Multipr«Kettor (FTMP) bv Charles Stark Draper 
Laboratory, Collint are presently being tested 
and evaluated by the developers. These two 
computer architectures differ basically in tl>e 
methexi of handling faults; the SIFT relying 
mainly nn software algorithms for fault 
dr'tection and recovery, while the FTMP relit*s 
on hardware irrrplementation. The corr.puters 
Irave a probability of failure design goal equal to 
10”. and can sustain two matni failures. 

Normal otreration of tire computers is beirrg 
evaluated in preparation for injection tests to 
include verification of tire instruction set, tire 
interrral aird external bus communications, and 
befravior of rlre executive operating system 
softwaie 

Billy L. Dove, J681 (534 02-13) 


A Digital Inrettrated Automatic Lairding 
System (DIALS) has been developed. The 
DIALS design permits an aircraft to 
simultairecMisly jrerform l(Kali/er and glideslojre 
captures, fly sfrort finals, and execute jrrocise 
flares to touchdown (xrmts located with easy 
access to highspeed runway exits. T're DIALS 
control algorithms provide tire cajrability fcK 
capturing and tracking steep glideslotres 
selectable from .1^ to 6°. DIALS ojrerations are 
jrerfornred automatically and use estimates of 
turbulence, steady wirufs, aird wirrd shear 
conditions in the aircraft control algorithms. 

A D'ALS differs from current autolaird 
systems employed in comnrercial aircraft in that 
It IS a digitally desigrred, integrated system The 
digital design process takes (Ire flight control 
computer u(xfate rate into account in selecting 
control gams. To achieve an integrated design, 
the total system trerformance and control 
requirements were defined ir a unifievt set of 
equations and then, using modern control 
theory, all the system gams vwrrt' determined 
simultaneously, taking into account the total 
effects of multiple control commands on the 
various modes of aircraft motion. In current 
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dMtgnt the yamt tor each control actuator are 
determtnod Mwntially tttdependently of each 
other arKt entirely new cciitrol algorithms are 
used for different fl’gfit marteuvors such as 
glideslope tracking aid flare. By using an 
integrated cuntrol algorithm, DIALS requires 
lew gain changes during the capture, track, arxf 
flare maneuvers. In ’•ddition DIALS has 
incorporated several practical constraints such as 
a conventional crab/decrab maneuver to enhance 
pilot monitoring capability arxi an automatic 
trim feature to reduce the effects of uncertainty 
and off-nominal conditio' 


TIm) dials has deinonstratetf excellent 
performance in extensive ground based 
simulation studies which include nonlinear 
aircraft aerodynamics, wind models, and detailed 
sensor noise models including a model of tfie 
Time Referenced Scanning Beam Microwave 
Landing System used for landing guidance. 
Based on this performance the DIALS is being 
implemented on tf'e TCV B 737 for flight test 
to gather data for performance evaluation arxf 
further system development. 

Richard M. Hueschen, 3350 (534 04 131 


Improved Cockpit instrumentation tor Transport Operations 


The research and development of electronic 
display concepts that will improve pilot 
instrumentation for the approach to-lending task 


in low visibility have been conducted ir. both 
simulation and flight. Comouter-ba.?'^ 
perspective runway images combined with 
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|Mim«rv atliU«k> (itKiudmg thght path angltt) 
inftHmaliun ihi a calhiMtr ray IuIh) allow curviHl 
clow in aiiproachat unilar Iniliumant tlvjht rula 
comlitioni. Con>|Hitttr aiigmantiNl ciMitrtM ol 
tliglil path angir romlMoml with an inlatlfatiHl 
di«|tlay allowi miHa priH'iw tia«'Kii>u on an 
approach, yal riH|uirit« !«««■ pilot phytical 
worKloart. 

Trailitionally, alertromachanical amt 
l•ln^tlonl^ attitude diiactor indicatori (FAOII 
hava lnH*n cantaitHl alxHit tha pitch attitiida of 
tha aircraft. With incraating uia of 
track oriantatl map dit|ilayi and FADI'i 
ciortaining fliiitit path angla, a liattar intat|iation 
of irvcrall irdormatiori can Im* achinvarl liy 
cantaring tha E ADI alHHit tl.a flight path angla 
t>ia>antalion. Tha advantaiiai ol tha di>t>lay 
iiK'i'ntaring wara conliimatl iiy last pilots in 
iinuilation lasts. withiHil dagrailation in llii|lit 
(lath tracking or iiH'iaasr's in physical workloatf. 
AmiMij notaiila improvamants wara tha ratiucatl 
display clamant motion during turtHilant 
conditions, casiar coiialatiims lialwsHMi mat) 
EAOl, am. cantaring ol prima intaiast 
infivmaliun. 

Tlia jflacvi of tha racanlaring of tha dis{)lay 
formal ara illustratati in tha fitiura for an 
.ngrroach to laiuling condition with a crosswmd 
tiraaant. Note tha suldla alignmant effacts of tha 
ILS indicatois with tha axlandinl cantarlina and 
tligfit path angla. 

G. G. Stainmati, 2344 (&34 04 13) 


multi man syslam stiafias Ttia ligura iHovKfas a 
M>m|>ariton of aiitiarimant sangila si/a raquirad 
to ratolva a cafiacity changa with Ob t>*'(^l 
conlidanca lor savaral traffic control iNoiwIurat 
Tfiasa rasults ara ttasa.! on iiraviously tnrblisliad 
data ragaiding dalivary accuracy for tha air 
traffic control procaduias iiKficatad. 


R. L. Bowlas. 3304 (63') >4 13) 
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Crew Training for Aircraft 
Advanced Displays and 
Controls Research 


Statistical Methodologies for 
Airport Capacity in 
Mission Simulations 

The davalopmant ol statistical mathoifologias 
tor studias to nuantity tha aflacts of various 
sutisystam changas on airtiort catiacitias has (>aan 
comtilatad. Tha matliorfologias ara aimail 
st'tHnfically at tha utili/ation of tha Langlay 
Mission Oriantarf Terminal Area Simulator 
(MOT AS), which llaxihly comhinas “liva 
aircraft ' (actual flight craws in simulattHf und or 
raal flight) and simulated aircraft 
(comtHiter driven aircraft), with aptiropriate 
mixes of tytras and equipage, in a generic, high 
density air traffic control anvironmr' i. Basetf on 
a conceptuali/aif catiacity mmlal at the 
mathematical level, tlia statistical methodologies 
allow effactiva and economical statistical 
comparisons of the non Gaussian system 
measures from t f i e s a vary large 


Tha Terminal Configurerf Vehicle (TCV) 
Pro()iam at Langlay has a charter lor corufucting 
iH*arating systems research for aircraft of the 
future. Simulations utiliting advai ceil aircraft 
display. control systems support tliase ies«>arch 
studias. hr wdar to axi>and tha reiirasantation of 
tha pilot community and supt>h<mant the limiteif 
numlier ol availatile pilots, commercial pilots 
vwrre siHight as exi>aiimental sutiiects. A training 
ciHirse was nacessaiy to pratiare the commercial 
pilots fiw tha advaiH:ai1 cockpit presentations 
and lli«|fit systems. This naatf was satisfiail 
througfi davaloi>mant of a multi maifia training 
program consistent with TCV research 
ot)|ectivas. 

Tha training program consists of manuals, 
audio slide presentations, comiHitar Itasatf 
ailucation comsas, and in simulator training. A 
cci rsa ifevalofiail lor tha electronic attitude 
director indicator has liaan in use during the 
IMSt year, and two additional courses will 
liaiurme availalila this winter. 






In addition to tfit Mtvancad concept* 
preparation training of the commercial pilot 
ixx)l, •e\-eral ipinoff benefit* have re*ulted. 
The*e *pinoff* irKlude tite training ar>d 
expanded education of errgineer* arxl technician* 
involved in or de*irir>g to *upt>ort TCV re*earch. 
In addition, a joint NASA/Navy te*t pilot 
*chool program i* uniterway v^iere *tudent* are 
trainerl on the TCV *y*tem*, thu* allowing tor 
liatter diaaemination of technical information to 
the milit.ary. Finally, the courae material* and 
liavice: ha'/e proved to tie excellent *ource* for 
tviefing the aviation communitia* in regard to 
TCV aifvanced diaplay /control ayatem* arnl 
o|)erating ayatem* technology. 

The training program and accompanying 
material are available at Langley. The 
introductory <<ludie*, training, arxl reaearch are 
normally conducted at the Center, otk* an 
applicant i* accefited into the program. 

PLATO termiiuil* ami PLATO Learning 
Center* (localetl nationwide a* part of Control 
Data Corporation'* PLATO Educational Syatem) 
can Ire uaed to acceaa thi* program tor 
tamiliarifation and demonatration* after 
arrangentent* are made with Langley. 

Jacob Houck, 2981 (534 04 13) 


Optimum Vertical Flight Profiles 

To the commercial air carrier, reduction in 
fuel uaage mean* retiuction in iHierating co*ts 
and an iiKrea*«Kl profit margin. liKrea*ing latior 
co*t* and jienaltie* on air travel time make it 
de*irable to minimi/e fligfd time. The*e factor* 
liave motivateil the *earch for a flexible coiKept 
for generating a vertical reference profile wfiich 
minimize* the total co*t (fuel and time) of an 
operation lietween two airport*. Langley has 
developed two computer program* that will 
form the t>a*i* for the design of an ontioard 
flight management concept that will enable the 
flight crew, while airtxirne, to comj)ute and 
execute change* in the fligfd profile* due to 
change in weather condition* or final 
destination. The first program (OPTIM) is 
capable of minimding fuel usacje, flight time, or 
a combination of these variables (direct 
operating costs). Sensitivity studies will 
iletermine the variation in the optimum vertical 
profile a* a fuiKtion of variation* in wind, 
takeoff weigid, and range to destination. Fuel 
and time costs will be variml to study their 
effect on total cost and profile definition. The 


second program (TRAGEN) simulates tht> 
vertical traiactory of an armraft commarKied to 
follow the reference path output from the 
OPTIM program. 

Samuel A. Morello, 3821 (534 04 13) 

Composite Components for 
Commercial Aircraft 

Five slripsets of B-727 composite elevators, 
designed and fabricated under the Aircraft 
Energy Efficient ComjKMite* program, were 
installed on commercial transjXHt aircraft 
(Mdween Fetiruary and May. FAA certification 
of this composite secondary structural 
codjionant was issued in December 1979. 
Twelve OC 10 comj>osite rudders are now in 
flight service with an accumulation of 112,334 
flight hours; the higli tinte rud .ir has 16,688 
iKHirs. Flight citeck out of the L 1011 comjxisite 
aileron has lieen comjileted and certification i* 
ex’iected in Novemtrer 1980. Flight clieck out of 
the first medium jrrimary congmsite comjionent 
(B 737 horizontal stabilizer) was comjiletad in 
Sejitentber. The L*1011 vertical fin full si/e 
ground test article* have t>een successfully 
faltricated and fully assembled. TIte DC 10 
vertical fin grouiKf test stub box beam has been 
assembletl and significant advances have also 
been made in the fabrication of j>art* for the 
full size articles. 

Herman L. Bohon, 3081 (534 03 13) 

Laminar Flow Control (LFC) 
Technology 

Low SjHNHl Wind tunnel tests have lieen made 
of boundary layer suction through woven 
stainless steel porous surfaces of two different 
geometries and through an electron beam 
perforated titanium surface. Both jiorous 
configurations evidenced sufficient inherent 
surface smoothness to permit attainment of the 
design extent of laminar flow at conditions 
a|)juoaching flight value*. The design extent of 
laminar flow was also attaineil with suction 
through electron flow perforations of a size 
smaller than any heretofore attainable. 
Low sjieed wind-tunnel tests of a full scale 
leaifing edge wing section with uiction slots have 
demonstrated that liquid ejection through slots 
in the stagnation region is effective in preventing 
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accumulation o( mwct rnidua in lh« critical 
Ivading edge region and have provided 
quantitative data on lequired flow rates. In tlie 
area of LFC design tools, a new aptiroach to tite 
analysis of suction through t>orous strips versus 
a continuous suction surface is in agreement 
with ex(ieriment in that 5 to 10 (lercent more 
suction IS preilicted, wind tunnel techniques for 
flow visualization of Tollinien Schlichting waves 
and for simulation of swept wing cross flow 
liave tieen develofietl; and initial analyses of 
Goertler instalnlitirrs (due to concave surface 
curvature) iiHlicate that large amounts of 
localized suction are requirerf to control tlie 
disturbance growth and that the surface pressure 
gradient has a strung infli"snce on the suction 
requirements. 

R. D. Wagner, 2045 (534 01 13) 

Energy Efficient Transport 

A multi disciplineil investigation of the 
integiatetl a|>plication of active controls to a 
current technology commercial trans|>ort 
iixlicates that a reduction in fuel consumption 
of gieater than 10 (lercent can lie achieved using 
this design atiproach. In service flight evaluations 
of selecteil coatings applied to the slats and 
horizontal tail of a B 727 showed that 
(lolyurethane coatings were effective in reducing 
ram erosion damiige to aircraft leading edge 
surfaces. Analysis and wind tunnel tests of 
winglets on a DC 10 have indicateil fuel 
reductions ( f 3 to 5 («ercent. Slight decreases in 
DC 10 flut'ar st>eed with winglets have also treen 
identified in wind tunnel studies; however, 
structural stiffening of the wing could restore 
the flutter margin with only a minor weight 
(lenalty. Wind tunnel investigations show that a 
lOtiercent reduction in fuzl consumption can be 
achieved with high as|>ect ratio supercritical 
wings within the design constraints ingrosed by 
an advanced technology medium range 
trans()ort. Wind tunnel investigations of the 
installation of a long duct nacelle modification 
to the DC 10 production engine have provided 
the confidence that this installation can be 
achieved with rr.inimum interference drag 
(wnalty. Analytical studies have shown that 
wfren winglets are irKluded in the initial wing 
design cycle, an optimized wing winglet design 
can provide a 1 percent increase in return on 
investment with res|>ect to an advanced riesign 
without winglets. 

R. V. Hood, 2396 (534 02 13) 


Thermal Protection Systems for 
Advanced Winged-Entry Vehicles 

The ingiact of aerotlierrnostructure design 
integration on thermal protection system (TPS) 
mass tor a control'Contigured 
single stage to orbit launch vefncle has tieen 
examined. Four tiasic categories of TPS were 
considered; reusable surface insulation (RSI), 
metallic hot structure, metallic staiKfoff, and 
fiybrid system (RSI m the hot stagnation regions 
aiKl metallic starKloff in tl.a cooler areas). Entry 
trajectories were generateif which were tailored 
sjiecifically to each TPS corKept in terms of 
total lieat load and jieak heat rale arxl subject 
to an 11(X) n.mi. cross range constraint. Thrrse 
trajectories were used with an aerodynamic 
lieating/ thermal analysis progiam to determine 
tie centerline TPS requirements, assuming 
laminar flow. Results iiKficate that for an 
aluminum structure either the RSI or the hybrid 
TPS (RSI Rene* 41 metallic staiKioff), each 
coupled with the apjirojiriate trajectory, has the 
jwtential to yield the lowest mau system. 
However, the metallic standoff systems could Ire 
quite comjretitive if jiossible reductiom in jtanel 
mass«>s indicated by the on going research at 
Langley can be realized. Results also show 
substantial mass jienalties associated with the 
use of nonojitimum entries for any of the TPS 
concejits considered. The imjiact of the 
utilization of structural materials with higher 
temjrerature cajiabilities than aluminum was also 
investigaterl. Significant mass reduction ajijiears 
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Combined TPS structure mass requirements 


to b« avatl<t)l« thruitgl) tlw iiM o( such 
matarialt. Aoiong tl>a materiali enaminad, 
gra|>hite i>olviniida tmmi to have tita |)otpntial 
to yiald tha graatmt mau raiiuction, (tartially 
through raducad TPS raqutramantt at>d i>artially 
through ratiucari (tructural mast. 

Kathryn E. Wurstar, 3911 (b06 01 13) 

Thermal Analysis for Saturn Entry 

A preliminary analysis of tl>a aarotharmal 
environment over a Saturn entry probe lias t>ean 
cor>ducted hatei) on recently defiired entry 
cortditiont horn the Jet Protrultion Laboratory. 
The nominal traiectory it batarl on a 45 , 
Htherically hlunteil cone entering the Saturn 
atmosphere, 0.89 0.11 Hp' He gat mixture, at a 
relative entry velocity of 78 km/t with a 30° 
relative entry angle. Off nominal conditions were 
contidereil to study the effects of changes in 
entry velocity arxf atmospheric gat conuxtsition. 
The study defineil the primary heat transfer 
nxxfe for heat slueld design, investigated effects 
of nonequilihrium chemistry, amf delineated 
some t>rot)lem areas for future studies. 
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Saturn probe entry heating 

The results sliowed that tire dominant 
treating mode for nominal entry conditions it 
convection rather than radiation. Due to the 
importance of convective treat transfer, a 
realistic selection of a trairsition criterion from 
laminar to turbulent flow may be critical for 
Saturn thermal studies. For certain off nominal 
conditions, radiative heat transfer C4in be 
imfrortant and there is some uncertainty in the 
effects of nonequilihrium chemistry on radiative 
treat transfer. The heat transfer arrd resulting 


Ireat shield mass loss rates lor tire currently 
ifefirred Saturn entry are small comirared with 
values for a Jupiter entry. 

E. V. Zoby. 2707 1506 61 23) 

Fatigue Delamination of 
Composite Materials 

Recerrt research at Lairgley has letf to a 
nrethod to predict conditions that lea<1 to tire 
onset of delamination. Urrder retreated high 
loads, structural materials eventually weaken and 
fail by fatigue. This is true even for fatigue 
resistant compouite materials like 
graplriiefeiroxy, which is made from stacked 
layers of gratrhite litrers emtredded in an e|roxy 
matrix. Tire filters nr adjacent layers are 
orientated in different directions, detreirdirrg 
utrorr the desired strength characteristics. A 
common failure nuxfe in graplrite.'e(x>xy is 
delarrrinatiorr tretween plies The strain eirergy 
releasetf during delamination was found to Ire a 
nraterial coirstant, (see figure). An airalysis, 
Iraseti upon this parameter, resulted in the 
simple equation sirown. It preificts the critical 
value of strain at the onset of delamination. The 
other variables in the equation are easily 
determined. is the material stifftress with 

tro delamination, E* is the stiffness after the 
laminate has conrpietely separated into two 
irarts (total delamination along one interface). 
Both E^/^iyt *»d E* are foiirrd from a 
straightforward application of laminate theory. 
The thicki.ess, t. is the laminate thickness. After 

IS found from some simple tests, it can Ire 
used to predict the strain at delamination onset 
in graphite e^roxy for any combination of ply 
layup or laminate thickness, as the figure 
illustrates. 

T. K. O'Brien. 301 1 (506 53 53) 
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Analytical Sizing of 
Insulated Structures 


TItv in conl»m|K)i«(v dnsign practice 

tor (liglil itructuiM undergoing higtt heeliitg 
attociattHl witli atmocpheric reentry ii to 
miniini/e tire mnsi of tfre structure as well at its 
thermal protei'tion system (insulation). Toward 
this eiHl, Langley hat develo(>ed a tHocedure tor 
otitaining minimum matt designs of insulated 
structural tvanelt. The |«anelt are characterimt at 
consisting of a structural layer aiHf an insulation 
layer. The panels are loaded by a general tel of 
•nplane foicet applievf to tlie stiuctural layer ai>d 
a tin>e deiiernfent temt'erature applieif to tire 
outer surface of the insulation layer. 
Tenn>eraluie ami stress histories in the t>anel are 
obtained by an exact analysis, and 
determination of the insulation ami structuial 
thicknesses is performed by classical 
optimization techniques The computer i/eil 
(HOi'evlure it intemlml for preliminary design 
calculations, to evaluate mateiialt lor tirecified 
applications, ami to peiform tuiiameter stmliet. 
The procedure has been aptilied to design 
calculations to evaluate the efficiency of a 
variety of structuial mateiialt iimler combineil 
heating ami nrechanical loarls 

The present proceiture it a de|>aiture from, 
ami potentially a significant improvement over, 
conventional design practice, wherein it it 
auumeil that the imnimum mats structure it one 
wfuch ot>erates at its maximum use temfierature. 
In the t>resent proceilure no such auumption it 
nrade. Tt.e result of relaxing the atsunndion it 
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tlie acluevenrent of ligfiter designs wfrich otierate 
at lower temiteraturet where structure strength 
It ftigfier. 

H. M. Adeintan, 3155 (506 53 53) 

Metallic Thermal Protection Syc^om 

A promising metallic tfterma' protection 
system (TPS) concept called "multiwall" has 
ernergeil from coirceptual design studies at 
Langley. Multiwall comistt of discrete tiles 
wfiich (rave multiple layers of dimpleil foil 
connected together dimfrle to dintple. The TPS it 
currently i>roi>oted at (tart of tlie orbiter 
extrerintent (OEX) program, and is under study 
at an alternate or tecoixl generation TPS for the 
Shuttle. Tire OEX program will evaluate tl>e 
efinctiverwss of multiwall for Shuttle Orbiter 
a|>plication. A location was selected where the 
ntaximum surface tengierature it alrout 800 K 
so that tiles could tte matle from titanium. 

Titanium multiwall tiles have (seen fjbricatetl 
and were recently testerl in tise Langley 8 foot 
higfi temperature structures tunisel. The tiles are 
designed for a Uxation on tl>e fuselage 
centerline slightly forward of tlie pilot's 
windshield, ami have a mass of 3.7 kg'm^ and a 
thickness of 1.9 cm. Tire mats aisd thickneu aio 
consparatile to tire curient low tem^rerature 
rtHisable surface insulation which it si/*h 1 by 
^Mvodynamic lairing rather than tsy thermal 
considerations. The results of the tests imiicated 
minor design changes and fabrication 
nHxlificat'ont are n«quired. However, the tiles 
sustained the aeiothermal environment ami 
(rerformed their thermal protection fuiKtion. 

Don E. Avery, 3731 (506 53 73) 
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Shuttle Tile Analysis Improved 


The (train isolation pad (SIP) material used 
to attach reusable surface insulation (RSI) tiles 
to the Space Shuttle Orbiter metallic substrate 
exhibits significant nonlinear streustrain 
twhavior. Until recently, shuttle tiles were 
structurally analyzed assuming the SIP 
responded as a linear elastic material. A more 
accurate structural analysis was recently 
developed at Langley in wfiich the SIP material 
is treated as nonlinear using a series polynomial 
representation for the stress strain relationship. 
Parametric studies using this analysis have shown 
significant differences between linear and 
nonlinear solutions for the displacement and 
RSI/SIP interface stress magnitude for 
representative shuttle TPS cases. An 
experimental program established the validity of 
the nonlinear analysis. Results for displacement 
response to an eccentrically applied tension load 
are shown in the figure. The displacement 


response for the RSI measured at point A 
compares favorably with the nonlinear analysts. 
The new structural analysts method wtll improve 
understanding of how the tiles behave under 
operational conditiom. 


J. G. Williams, 3524 (506 53 33) 
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Shuttle tile displacement response 


High-Power Lasers for Space Applications 


In future decades a number of space 
missions will require large amounts of energy. 
There are considerable advantages in supplying 
this energy in concentrated form over long 
distances from a central power station. 
High power lasers are ideal devices for such 
purposes because of their directability and small 


beam spreading. Moreover, only solar- or 
nuclear powered laser systems seem realistic for 
space applications since they alone have the 
potential for long term, closed system operation. 

The pumping of gas lasers by charged 
particles from nuclear reactions has been 
investigated at Langley for a number of years. 
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On* of m«(or goals hat been to .lamonttrata 
high’power diract nucinar excited lasing, 
specifically at tl>e kilowatt 1^1. This goal was 
recently achieved by using a ^He Ar mixture in 
tfie multi|Mith box later configuration shown 
schematically in the figure. The later beam it 
[efiected back and forth through tfte excited 
^He Ar gas. creating higfier (lower later outiHJt. 
Lasing was alto accomplished for tlie first time 
with a volume pumtied ^He CO nuclear system, 
which hat been pro|K>sed at a potential 
high (lower later that can be o(ierated with good 
efficierKy. 

The first major goal of the Langley 
tolar (Hjmtied later program hat recently been 
accomplitfied, namely, tlie comjiletion of the 
research facility (tolar simulator) lor testing 
proposed tolar-pumped later systems. 
Ex(ierimentt are now underway for evaluating 
€3^^! and other mixtures at viable tolar laser 
candidates. 

W. E. Meador, 3781 (506 55 13) 

New Tunable Diode Lasers for 
Heterodyne Spectrometry of Gases 

Tunable semiconductor diode lasers are 
finding increa'ied a(>plicationt in ultrafine gat 
t(>ectroscopv. monitoring of air pollutants and 
automotive exhaust emissions, high sensitivity 
analysis of trace ijatcs in gas mixtures, and 
inore recently in laser heterodyne s()ectrometei 
systems for remote up()er atmosphere analysis. 
The continued extension of the application of 
the tunable diode later hat been the result of 
continued improvement of the later 
characteristics. 

Recently, a NASA funded effort at MIT hat 
made a significant contribution to the 
continuation of the improvement of tunable 
diode laser characteristics. For the first time a 
buried heterostructure laser has been successfully 
realised in the Pbj.xSnxTe/PbTej.^Sex materials 
system. This advancement has resulted in the 
achievement of continuous laser action of these 
devices routinely for tem(>eratures in excess of 
80 K and in some instances as high as 120 K. A 
very im(x>rtant parameter for laser heterodyne 
applications is longitudinal mode control of the 
local oscillator (laser diode). At 80 K these 
buried heterostructures lasers have exhibited 
single longitudinal mode operation for drive 
currents as high as 6 times the value necessary 
for the onset of laser action. Values for the 
onset of laser action (continuous) at 80 K as 


low as 6U mA liave lieen achieved witfi this new 
device. This is tf>e lowest value observed to date 
for any tunable lead salt laser o(jerating at a 
wavelength of 9 micrometers arnf a tem()erature 
of 80 K. 

This work has (provided a new class of 
tunable diode lasers for use in air (xtllution 
monitoring systems and remote up(Mr 
atmosjrheric sensing systems. 

Carl J. Magee, 3418 ( 506 56 13) 

Infrared Laser for Remote Sensing 

The key component in developing a tunable, 
high (lerformance heterrxlyne receiver to meet 
future NASA remote sensing programs is the 
laser local oscillator. Several IR gas lasers 
including the CO2. CO, and N2O lasers have 
demonstrated high lieterodyne efficiency; 
liowever, tlieir discrete tunability restricts their 
use to chance coincidences with frequencies of 
interest. Semiconductor diode lasers have wide 
tunability but operational com(ilexities 
associated with cryogenic requirements, tire ireed 
for external frequency identification and 
control, and laser mode comjretition problems 
must be overcome with increased systems 
complexity. 

A new local oscillator a()()roach named the 
^icrowave ^aser jipurce (MTLS) is 

being investigated at Langley and has been 
demonstrated to have some impressive operating 
characteristics over significant (xrrtions of the 
intermeriiate IR. The MTLS utilizes a wideband 
(10 GHz) electro 0()tic modulator to generate 
tunable sidebands on a gas laser carrier. The 
MTLS shares several attractive features with the 
gas laser, namely high absolute frequency 
accuracy and stability, room temperature 
o()eration, and good beam quality. In addition, 
wfien used with CO2 isoto(>e lasers the MTLS 
has a calculated sjiectral coverage exceeding 50 
percent in the im(x>rtant 9 to 12 pm 
atmospheric window. Heterodyne experiments 
(jerformed with the MTLS indicate a heterodyne 
efficiency com()arable to that of the gas laser. 

Glen Sachse, 2791 (506 61 54) 

FILE Aircraft Flight Results 

The feature identification and location 
ex(>eriment (FILE) represents a step toward the 
development of an Earth pointing tracker which 
can track preselected boundaries. The FILE 
itself is designed to automatically, and in real 
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time, claHify tratiM into tit* four ratagurm of 
vtgetaticn, water, bare eartfi, arnf the comNred 
category of inow/cloudt/ice. Tire clanification it 
bated on the pixel by pixel ratio of the outputt 
of two charge couplet! device camerat which 
view the tcene througli narrow band filtert at 
0.63 and 0.85 pm. Tlie FILE har.fwarr it one of 
the extverimentt on the Shuttle OFT-2 fligfit. In 
a precurtor aircraft flight during 1980, 
(Kototype hardware wat flown and preliminary 
data ot>tained for attettment. Further data are 
being obtained over ground truth titet to attest 
the ultimate cat>abilitiet of tire tyttem. 

R. G. Wilton, 3856 (506 61-731 



Typical FILE output 


LMS Optical Receiver 

Langley hat developed an optical receiver 
design concept for the Later Heterodyne 
Spectrometer (LHS). This development 
demonttrated for the first time the feasibility of 
using a tunable diode laser (see figure) as a local 
oscillator in the optical receiver of the LHS and 
represents a significant improvement in 
state-of-the-art optical receivers. This 
achievement permits Langley to proceed in its 
application of the LHS to stratospheric gas 
s^recies measurement experiments. 

Experimental and theoretical investigations 
(wrformed by this team showed that tunable 
diode lasers, when properly fabricated and 
utilized, can form the basis of heterodyne 
optical receivers which have a spectral resolution 
an order of magnitude higher than conventional 
S|)ectrometers. Also, the team demonstrated tlrat 
the overall instrument performance can yield 
vertical profiles of trace gas species which are of 


great im|x>rtance to the Ut>f>*r AtnKM|>fieric 
Research Program at Langley. 


S J. Kat/berg. 3661 (506 61 53) 



Tunable diode lasers 


Electrostatically Controlled 
Membrane Reflectors 

The Large St>ace Systems Technology 
Program is sponsoring the technology 
development of electrostatically controlled 
membrane (ECM) reflectors. The need for high 
(Kecision reflectors with significant suiH>orting 
structures to meet stiffness requirements aiKl 
surface accuracy demands for optical and 
millimeter wave applications has t>een studied. 
Extensive testing at Langley has focused on 
reducing the reflector's mass by reducing its 
thickness until it tiecomes a membiane. A 40 to 
60 kilovolt |K)wer source on five concentric rirtgs 
lias achieved an accetitable level of distortion as 
determined by measuring surface control. 
Research activities have corKentrated upon the 
ECM because of its relationship to the NASA 
Microwave Radiometer Satellite (MRS). This 
Earth-oriented measurements mission will 
provide valuable geophysical data through 
^Missive microwave radiometry. An MRS with 
high spatial resolution has applications for: 
communications (electronic mail), global crop 
forecasting (soil moisture sensing), and 
atmospheric research (radio telescoi>e). 
Additional missions include long range weatlier 
forecasting and environmental monitoring, such 
as ocean temperature and salinity shifts, coastal 
zone (larameters, and total ecosphere evaluation. 
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A Stiuttl* launclNKj MRS SO nwitr «nt*nna will 
(wrtofin !>>••« miMiun rw|uirf>m«ntt. Tntt wart 
detignad and cotHiuctiHl on a tat>ricatad 
4 88 m diamatar alactrotlatic mambrana 
ratlactor. Tha laatibihty of forming a highly 
raflactiva, itructurally taut, praciwly controllad 
•urfaca by alectrottatically cliargad voMaga has 
twen damonstratad at tlra Langlay Rasaarcfi 
Ontar. 

R. L. James. Jr., 4606 (&42 01 13) 


•urfaca tamiwraturas of tfta region. Effective 
surface temperature is datwrminad from infrared 
maasuramants corresponding to visible 
maasuramants which irvlicata claar skies. Whan 
only infrarod dota ara available, a thrasliold 
technique is used to estimate cloud cover. A 
surface infrared (.oolir>g model was developed 
empirically to provide hourly effective surface 
temperatures in this situation. All 
window chanr>al measurements are ad|usted with 
a 11.0 pm limb darkening model. This model was 
derived tfiaoretically from tlie results of 
radiative transfer computations. 

E. F. Harrison. 2977 (146 10 06) 

Remote Sensor Demonstration 



Space and Terrestrial 
Applications 


Cloud Cover Analysis Methodology 

Quantification of the effects of clouds on 
the Earth s radiation budget is an imfiortant step 
toward understarKling the influence of clouds on 
the Earth's climate. A comprehensive system of 
techniques has been formulated to observe the 
temporal and siiatial variability of cloud 
radiation (lararneters from geostationary satellite 
visible (0.5 0.7 pm) aiKf infrared window (10.5 
12.5 pm) raifiance nwasurements. SimultaiMKHis 
visible and infrared data are analyzed with an 
energy balanced, bispectral method. Tire 
effective cloud amount for a given measurement 
may be found through a simple calculation 
involving the approfiriate values (Kovided by the 
clear sky and cloud models. Models which 
provide clear sky visible brightness values were 
developed empirically with a minimum 
brightness technique. These models account for 
the variation of reflected radiation as a function 
of the satellite viewing and solar zenith angles 
for a given region. Similarly, an empirical 
reflectance model for optically thick clouds was 
derived from maximum observed brightness 
values. The effective cloud top temperature for 
the region is computed with a single equation 
utilizing the mean total infrared measurement, 
effective cloud amount, aitd the mean effective 


A team of NASA scientists and engineers 
(Mrticipated in an Environmental Protection 
Agency field ex|)eriment to study tfte formation 
arxf transformation of air (>ollutants in regional 
and urban air masses. Tire extreriment. Persistent 
Elevated Pollution Episodes and Northeast 
Regional Oxidant Study, included tire combined 
efforts of several U.S. and Canadian agencies 
during tire period from mid July to mid August 
1980 

NASA was involved to demonstrate how 
renrote sensor trrclrnology could contribute to 
the scientific uirderstanding of regional air 
pollution problems. The ma|or NASA 
contribution r.as the first airhorire remote 
measurements of atmospheric mixiirg layer 
Ireight a.rd O 3 layer iirg on a regional scale. The 
Langley developed ultraviolet differential 
absorption lidar flew 14 missions aboard the 
Wallotrs Flight Center Electra aircraft to nreasure 
aerosol backscatter for mixing height 
determination, as well as ozone distribution in 
the mixing layer. Also onboard was the high 
stwctral resolution lidar develo(>ed by the 
University of Wisconsin under contract to 
Larrgley which measured aerosol and molecular 
backscatter coefficients. The JPL develo|>ed laser 
absorption spectrometer also flew 14 missions 
and measured total ozone burden. In addition, 
NASA made ground based meteorological ozene 
measurements with the JPL scanner microwave 
system and the Langley tethered balloon. 
Airborne in situ measurements for remete sensor 
truth data arid correlation were taken arnf 
geostationary meteorological satellite imagery 
was used for real time experiment planning. 

R. J. Bendura, 2486 (146 20 10) 
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Measuroments of Ozona and 
Aerosol Profiles 


Tlie firtt rtmott mtaturtmtnft of 
tropo«ph«ftc o/on« and aaroaol proftlat wtrt 
obtainad with tha Langlay airborna Diffarantial 
Abiorption Luiar (DIAL) lyttam during fliglit 
ta«ti bctwaan May 22 and Juna 6, 1980. Tha 
DIAL lyttem was of^erated in a nadir mode 
from tha Wallop* Flight Cantar Elactra aircraft 
oparating at a nominal altituda of 3.2 km. An 
inttrumanted Ca*tna 40? aircraft providad in 
•itu correlative oione meaturementt during fo<jr 
flights in the vicinity of the Chewpeake Bay. 
The DIAL measurements of o2one are within 13 
percent of the in situ values obtained with the 
Cessna. Important scientific investigations of 
regional ami global o2one production, transport, 
and destruction can be conducted with the 
remote profiling capability of the airborne DIAL 
system. 

Aerosol backscatter profiles were also 
obtained on several flights. These measurements 
show distinct feature* which indicate the 
location of stable layers in the atmosphere. The 
thickness of the boundary layer at determined 
from these meaturementt agreed with in situ 
meaturomontt of temperature and dew point. 
BourKfary layer and tropospheric dynamics can 
be studied using the aerosol distribution 
information available from the airborne DIAL 
system. 

TIte airborne DIAL system can provide the 
necessary high resolution, synoptic data on 
02one and aerosols to dramatically increase our 
ability to study tropospheric 020iie on a 
regional scale arxi provide the large scale 
coverage required for investigating global 
budgets of ozone and aerosols. 

E. V. Browell, 2576 (146 20 10) 


The Global Methane Cycle 

The chemical composition of the Earth's 
atmosphere it profoundly different from what it 
would be if it were determined only by lifeless 
geochemical forces. As our understanding of 
sources and sinks of atmospheric gases such as 
CO2. N2O, and CH4 has advanced in recent 
years, it has become increasingly apparent that 
the biosphere it a primary factor controlling 
atmospheric chemistry. A research program at 
Langley seek* to quantify the linkage between 


the ecology of metliarw production ar>d tlie 
global cycle of this trace gat which it critical to 
both chemical arxl radiative trantfei processes in 
the Earth's atmosphere. 

Metharw it produced by methanogenic 
bacteria living in habitats devoid of oxygen. The 
ma|or areas of anaerobic habitat on the Earth 
STKf in contact with the atmospfiere are M-etland 
ecosystems such a* swamps, peat bogs, and 
flooded agricultural toils (e.g., rice fieMs). 
Wetland habitats are perhaps the nr jst 
vulnefible ecosystem on Earth to the stress of 
economic dtr/elopment pressures. Swamps are 
being drained for agricultural developmwit and 
peat bogs are becoming incrnatingly linportant 
at a potential energy source. Thus, our present 
state of knowledge leads to several critical 
unanswered questions: How important are 

various types of wetland ecosystems at a source 
of global atmospheric methane? What are the 
major physical factors which determine the 
temporal and spatial character of methane 
emiuiont from wetlands to the atmot()here? Will 
the lost of wetland habitat on a global scale lead 
to changes in the global properties of the 
atmosphere? 

Langley results obtained by a detailed 
investigation of methane emissions from the 
Great Dismal Swamp, Virginia, demonstrate a 
large seasonal variability in methane production 
rates which it highly correlated with the 
decomposition cycle of forest leaf debris arxf 
levels of toil moisture. Such data are critical to 
the development of a strategy for attesting 
linkages between the biosphere and atmosphere 
on a global tcate. 

R C. Harris*, 3645 (146 20 10) 


JO ■ »•? 


CH4IIUII >v TIM 
emtt Dnnui 


5 

u 


CMj IIU« 
t/iM 4m 


» ■ M 




/“\ 

f ^ 





(L 1 — » - 

Sil>T. wv iAS. MMCH 

an !«■> 

TIMI. MOATM 


MAV 


\ 



XAT sin 
mo 


Methane emission from the Great Dismal Swamp 


35 


Trace Gases Increase Sulfate 
Formation on Cart>on Surfacer 

TtM OKidalion of SO 2 to lulfatn on U)« 
turface of carbon paMiclat hat b««n ttudiad in 
I ha prttatKa of laveral atnHHpharic tract 
oxidantt. N 2 O, NO, NO 2 , O 3 , atxl H 202 - 
Carbon particlat are, of court#, prttenl in tha 
atmoti>fiare in ttia form of tout. Tfia ratuitt 
obtainad, tharafora, have applicability to tlia 
()liarH>manon of acid rain, a major conttituant of 
wfiich It tulfate. 

Tha trace gatet N 2 O and NO liava been 
found to have no tignificant effect on tha 
oxidation of SO 2 on carbon. However, NO 2 , 
O 3 , arxf H 2 O 2 have bean found to tignificantly 
increate the convartion of SO 2 to tulfatet on 
carbon Tlia yieldt of tulfatet produced whan 
SO 2 tiod NO 2 . O 3 , or H 2 O 2 in a nitrogen 
carrier react on carbon jiarticlet exceed thote 
jKoduced wlien SO 2 arKf react on tuch 
jiarticlet, even when tha concai (ration of tlie 
trace oxidantt it at low at 70 partt per billion. 
Sulfate formation it further increated when the 
trace gatet are humidified or wlien tliey are 
bubbled into a tutiiention of carbon in liquid 
water, 

David R. Schryer, 2818 (146 20 10) 


Chesapeake Bay Plume Studies 

The 1980 Chetapeake Bay Plume Studiet 
were a (oint endeavor of the Northeatt Fitlieriet 
Center of the National Marine Fitlieriet Servicet 
of NOAA and the NASA Langley Retearch and 
Wallopt Flight Centert. Univertitiei and ttate 
agenciet with an interett in the Chesapeake and 
Delaware Bayt alto partici|>ated with the 
collection of tea truth data, tliip turveyt, and 
water column analytet. 

The central fucut of the ttudiet it the 
quettion. How can nearly tynoptir surface maps 
provided by ttate of-tlie art remote tentors be 
integrated with detailed water column data 
jirovided by sliipt to characterize phytical, 
chemical, and biological pro|>ertiet of a highly 
dynamic estuarine plume and its interaction 
with continental shelf waters? 

Three extierimentt, each involving multiple 
minions, were conducted in March, June, aixf 
October 1980 to coincide with maximum, 
intermediate, and minimum freshwater input, 
resiiectively. This was a major accomplishment 


in that NASA ranH'ta sensors with iirovan 
caiiatiililies for ocaanograpfiic measuramants of 
tamparatura, salinity, chlorophyll §, 
fluorascarKa, turbidity, and color ware flown as 
an integrated system taking smiultanaoui data in 
a series of axparimants designed around specific 
oceanographic objectives 

Janet W. Campbell, 2871 (146 40 15) 

Algae Ocean Color Spectral 
Signatures 

The synoptic character of remote sensing of 
ocean color changes caused by pollution is of 
particular interest in assessing environmental 
quality, Langley research has shown how 
laboratory generated spectral signatures can be 
used to interpret this remotely sensed data. 

Ocean fronts related to ocean processes and 
algae blooms indicating productivity of tha 
fisheries are areas where remote Sfiectral sensing 
can make significant contributions. Continuing 
investigations at Langley provide basic 
information and data for the interpretation of 
ocean color through use of laboratory stiectral 
Signature measurements that are related to real 
ocean color. 

Studies of the sticctral optical characteristics 
of three cultured, tank grown, salt water algae 
representing golden brown, blue green, and green 
jihytoplankton sfiecies have been performed. 
Spectral ujiwelling radiance and spectral sky 
irradiance were measured outdoors for each 
cultured algae ta.'k to obtain spectr.J reflectance 
curves over the 400 to 800 nm wavelength 
range. Measurements were made during algae life 
cycle growth to bloom anri die off phases. 

Changes in algae concentration with growth 
generally gave radiance changes in intensity 
rather tl^an color. Sjiectral changes were 
observed in tha dieoff phases where shifts in 
Sfiectral jieaks occurred. At one stage, where 
inorganic sediment was incrementally added to 
assess its effect on upwelling radiance, only 
intensity increases were observed with no color 
changes. Cnrresjionding samples were removed 
from the tank for measiirement of spectral 
transmittance, algae cell count, and 
concentration of chlorophylla and suspended 
solids. 

The spectral radiance (reflectance) curves for 
each algae were different enough to distinguisli 
unambiguously between the three (see figure). 
The data obtained were used to predict the 
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•ffact of aach of tha algaa and thair changat on 
tha ramoialy wnaad ipactral u|>vvalltng radianca 
(cotor) of ocaan watart of tavafai typat through 
application of a timplifiad. low altituda ramota 
•ar>Mr>g radiomatiic modal. 

Thia work damonatrataa that laboratory 
maaauramanta provida tha basic information to 
awaa* tha inharant ramota (anting capabilitiat of 
a particular tubttanca in ocaan watart Thii typa 
of data and ar^lytit. obtainad from controllad 
laboratory tattt, it of uta for attabliihing 
quantitativa ralationt batwaan color and algaa 
concantration or cortdition. 

B. W. Lawit, 2065 (146 40 15) 
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Spaciral upwallinq radiarKa from three color 
typat of algae 


Optical Properties of Turbid Waters 

Haretofore, it hat generally been accepted 
that tha ainount of backteattered sunlight from 
turbid waters it a direct measure of the amount 
of tut|>ended paiticulates in the water. While 
Chit rule applied to four or live rivers (e.g.. 
Savannah River) studied by tlw Langley Optical 
Physics group in thair November 1979 Georgia 
excierimant, the St. Mary's River was an 
anomaly. It was comparatively high in total 
suspended particulates but had tlie lowest 
upwelled radiance. Tha reason was believed to 
be the presence of dissolved organic carbon 
(DOC) because this river had the highest level of 
DOC of the five rivers. A laboratory simulation 
of the St. Mary’s River water, in the Spectral 
Signature Laboratory at Langley, demonstrated 
quantitatively for the first time that DOC acted 


as a strong absorber. In tha t>f— arsca of clay 
particulates, tha net affect was a reduction in 
backteattered light despite large quantities of 
sustwndad particulates. Tliesa results are of 
aitical importaiKa in devalopir>g remote taming 
systems to provida needed data on mass arid 
nutrient transport into oceam. 

Cliarles H. Whitlock. 2871 (146 40 15) 


Aircraft Remote Sensing of 
Hurricanes 

A joint NASA NOAA program to obtain 
microwave measurements of tlia sea surface 
during tl>e iiassage of a hurricane has yielded 
results important to the study of hurricanes. 
Imtruments and scientists from Langley flew 
into Hurricane Allen on August 5 and 8, I960. 
On board the NOAA C-130 Hurricane Hunter 
aircraft were a stepped frequency microwave 
radiometer and a steerable microwave 
scaiterometer. both developed at Larigley. The 
radiometer measures brightneu temperature of 
the sea surface at several frequencies, arxf the 
scatterometer determines the scattering 
coefficient of the sea surface at various a/imuths 
aryf incidence angles. Penetrations were made of 
Hurricane Allen at 1500 to 3000 meter 
altitudes, well above the dangerous turbulent 
layer near the sea surface. A second NOAA 
aircraft made nsjii simultaneous (lenetrations at 
altitudes within the turbulent layer. 

Preliminary data from the radiometer 
yielded empirically derived rainfall rates aixf 
wir>d sfieeds virtually identical to those obtained 
in situ with the low flying aircraft. And, except 
in regions of high rainfall, a first inspection of 
the scatterometer data allowed estimation of 
wind s()eeds up to 35 m sec'^ arnf of wind 
direction at all wind sfieeds. These results may 
lead to tfie transfer of the Langley develofied 
technology to NOAA for possible elimination of 
the risky low altitude hurricane flights. 

Plans tor future years include development 
of algorithms for improved calculation of 
rainfall late and wind vector, and of an airborne 
processor to allow titese calculations to be made 
real-time. The results would then be displayed 
to scientists aboard the aircraft and also 
transmitted to the National Hurricane Center in 
Miami. 

R. F. Harrington. 3631 (146 40 05) 
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Stratospheric Ozone and 
Temperature Perturbations 

Atmotphvrtc initction of chlorofluoro 
rrwlhanM (CFM'i) end carbon diomda (CO^) 
can cauu tharmaf and chamicaf perturbation! tn 
the itrato«t>bere. Caiculalion« luugait that 
ttratotpheric temperature! and ofone (O 3 ) mav 
be reduced by 14 K arxl 30 percent, 
respectively, due to combined atmospheric CO 2 
and CFM increases. 

An important question not heretofore 
addresser! is whether or not significant dynamic 
ct anges occur as a result of such thermal 
perturbations. This is important from the point 
of view of understanding tite impact of 
itmospheric increases of CFM‘s and CO 2 on the 
stratospheric dynamic climatology and on the 
distribution of stratospheric trace comtituents. 

To resolve this question, a 
Langley developed radiative convective model 
was used to calculate the stratospheric 
temperature structure for Northern Hemisphere 
wintertime at solstice conditions for latitudes 
from the equator to 75**N. The calculations 
were earned out for ar ibient corKfitions, for 
time dependent release scenarios for both CO 2 
and CFM's, an<1 for an assumed solar flux 
distribution corresponding to solar minimum 
conditiom. 

Results are shown on the accompanying 
figure which illustrates temperature profiles tor 
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Effects on latitudinai temperature structure 


60^N arxf the equator. At the equator, all the 
perturbations significantly affect the 
temperature structure. At 60°N, only the CO 2 
has an appreciable effect. This is due to the low 
values of the solar heating due to O 3 and to the 
large (relative to O 3 ) infrared coolii>g rate of 
CO 2 at tlie higher latitudes. The result is a 
change of the stratospheric latitudinal thermal 
gradient which is a determinirtg factor in the 
establisnment of the stratospheric lonal winds. 
Use of the thernwl wind aquation suggests that 
the changes vhown in the figure will result in a 
16 to 20 percent decrease in the stratospheric 
zonal wind at 50 km. These changes may be 
significant with respect to planetary wave 
configuration and, herKe, minor constituent 
transport. This suggests further that feedback 
mechanisms may be important in establishing 
the final perturbed state. 

Linwood B. Callis. Jr., 2985 (198 30 01) 

Atmospheric General 
Circulation/Tracer Models 

A three dimensional, primitive e luation, 
spectral model nf the tropospheric stratospheric 
circulation has been developed at Langley. A 
separate tracer model has beer, developed which 
uses as input the field variables which have been 
previously calculated uy the circulation model. 
Results obtained during a winter simulation 
conducted vvith the circulation model 
demonstrate good agreement with ot)served 
January mean climatology. Results have also 
lieen obtained for transport of a passive tracer 
initially iniected into the stratosphere. These 
models will be used to study atmospheric 
transport processes and to simulate the spatial 
and temporal variations of both passive and 
chemically active constituents. These studies will 
complement NASA satellite measurement 
programs and aid in the interpretation and 
analysis of the acquired data. 

William L. Grose, 2039 (198 30 02) 

First Satellite Measurements of 
Stratospheric Ozone-Nitrogen 
Chemistry 

Theoretical and laboratory studies have 
indicated that catalytic chemical reactions 
between ozone and oxides of nitrogen could 



CMJM lignificant perturbation* to (tratoipheric 
ozone concentration*. The Limb '»**''*red 

Monitor of the Stratosphere (LIMS) expt ent 

we* launched onboard tl a Nimbu* 7 satellite on 
October 24, 1978, to study the impact of 
oxides of nitrogen on stratospheric ozone by 
collecting and analyzing data on a global scale. 
LI MS nteasured radiances from the Earth's limb 
during both ciay and night which were used to 
infer upper atmospheric temperature profiles 
and coTKentrations of key chemical compcxjnds 
that are important in the ozone nitrogen 
cfiemistry. These measurements irKluded ozone 
(O^l, water vapor (M 2 O), nitrogen dioxide 
INO 2 ), and nitric acid (HNOj). The experiment 
functioned virtually without flaw ewer its design 
lifetime of slightly more than 7 months, 
returning approximately 7000 radiance profiles 
per channel each day. The LIMS viewing 
geometry from the spacecraft was such that the 
experiment took measurements over about 95 
percent of the Earth's surface while covering the 
range from 64*^ to 84°N latitude. 

All radiance archive tapes from LIMS have 
been placed in the National Space Sciences Data 
Center archive at the Goddard Space Flight 
Center, thereby making them available to the 
scientific community. The on orbit indicated 
precision of LIMS measurements has been 
determined and extensive comparisons have been 
made of LIMS parameters with data measured 
\ by independent methods from balloons, aircraft, 

and rocket underflights. Preliminary scientific 
results show large diurnal variability for NO 2 , 
small spatial variability in H 2 O, the ability of 
the experiment to sound the O 3 profile from 65 
km down to the upper troposphere, and large 
latitudinal variability in HNO 3 concentrations. 
This unique data set is providing the critical 
information required to assess the im,,act of 
oxides of nitrogen in stratospheric ozone. 

J. M. Russell, 2576 (655 1D40) 


Water Quality Monitoring System 

In August 1980, Langley performed a 
successful evaluation test of an automated, in 
situ, subsurface, water quality monitoring 
system. The test was conducted jointly with 
EPA in Lake Huron to demonstrate the 
automated system developed by Langley. 

The system is a programmable in situ 
monitor that can take data from up to 10 
specific water quality sensers and control a 16 


cell water sample. The system can measure and 
record up to 12,000 data points completaly 
unattended over a period of up to 14 days. 
Immediate measurements, program changes or 
updates, sensor reading scheduler., data retiieval, 
and buoy recovery can be commanded from a 
surface unit over wireless acoustic link. All 
measurements, computations, and display 
functions are performed automatically within 
the system. Data reduction, including interactive 
sensor influences, and the sorting of results up 
to and including the presentation of results are 
performed internally. Calibration of the 
electronics instrumentation is regularly checked 
by means of an automatic self-test routine. All 



Subsurface buoy system 
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(Ulta arr racoriied in a nonvolatile magnetic 
liulittle memory in the tulnurlace tHioy system 
(see (igute). At the end of the dettioyment 
(wriod, an acoustic command is used to release 
ttte iHioy from its umferwater aiKhor. The 
complete system was tfeliveretl to the EPA at 
Groase Isle, Michigan, at the corKlucion of the 
test. 

Ctiarles G. Saunders, Jr., 3581 (141 95 01) 

Noninvasive Lung 
Diagnostic Device 

A noniitvdsive lung diagnostic device wfiich 
enables simultaneous measurement of volume 
flow and siHind priMluction resulting from 
expiratory restnration has (icren developed. The 
resultant acmistic signature is a mure sensitive 
indicator of the lung's internal state than 
present techrmiues, in that siimificant acmistic 
chanties are o()served for small concentrations of 
lung irritants. 

Data obtaineii using the instiument may Ire 
intei preted in terms of diameters and flow ratw 
thioughout the trronchial tree by an analytical 
techni(|ue developed as part of the project. 
ObMirvations from flow visualization studies 
slruw that four voitices are formed within each 
iMonchi containing air flow in a paiticulai 
Reynolils numlH'i range. These vortices oscillate 
alKriit an etiuilibrium position resulting in the 
generation of narrow trend sound. The 
I retiiiencies of this sound then yield the 
tMuiKhial diameters (the critical parameters of 
interest) from the measured volume (low rate, 
throu()lr the theoretical relationship deriverl in 
this ri«search. 

This work is being carrioif out in 
collalKrratiun with the Medi.al Colltxie of 
Virginia in Richmond, Virginia. 

J. C. ^iaidin, ?617 (141 95 02) 


Ultrasonic Bolt Tension Monitor 


Critical fastener tt>chnulo<|y has develutred in 
recent years mainly due to the imtrtMus of new 
instruments designed for setting or measuring 
fasterrer load. Toriiue traditionally has Ireen the 


accepted method (or otrtaining fastener preloarl. 
However, measuring torque can lead to 
significant errors, iiiKe up to 90 percent of the 
apiilieif torque can go into fasterrer friction 
leaving only 10 percent for estalilithing preloart. 
For such a case, a 10 percent change in the 
coefficient of friction could lead to a 100 
percent preloatl error. 

An ultrasonic device, which measures 
fastener strain directly and is insensitive to 
friction, has (xsen develo|)ed at Langley for 
setting the preload of roof support (xrlts usiKf in 
mines. This instrument allows roof bolts to Ire 
tensioned much more accurately than by 
conventional torque techniques, thus 
contributing to increased mirre safety. 

A successful demonstration test was 
conducted in Setitemtier 1980 in the Colorado 
School of Mines Experimental Mine, Idaho 
Sfirings, Colorado. 

Joseph S. Hey man, 3418 (141 95 01) 


Space Transportation 
Systems 


Shuttle Flow-Field Analysis 

A Monte Carlo analysis of the Space Shuttle 
flow field has Ireen developed and userl to 
predict total density contixirs normalized to the 
undisturireil free stream density in the vicinity 
of the Shuttle. This is the most rigorous analysis 
yet developer! to predict the distribution of 
contaminants in the vicinity of the Orbiter 
during orbital otrerations. Many gas sixirces 
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cunirilMit* to IhsM total ilenaity contours, 
including trmr stream gas. surface outgassmg, and 
exhaust from a vernier, aft downward firing 
angrrre. The density trelow the engine is more 
than 2 orifers of nragnitude greater tiran free 
stream, and the derrsity aft and atiuve the tray 
exceerfs 50 times the free stream. These results 
emphasize the neetf to select protrer Shuttle 
operation modes in order to avoid 
contamination of sensitive scientific instrumerrts. 

L. T. Mel fi, 3031 (906 76 26) 



Nutmalizeif total density ilistiitHition in the 
Shuttle midplane 
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